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A fire and life safety analysis was conducted to fulfill a requirement for the Master of Science 
Degree in Fire Protection Engineering from California Polytechnic State University. A prescriptive 
and performance-based analysis was conducted on the San Francisco Museum of Modern Art. The 
SFMOMA is a 10-story, 460,000 𝑓𝑡2 , Type 1A mixed occupancy building. Located in the 
northwest corner of San Francisco, SFMOMA houses a collection of over 33,000 works of 
painting, sculpture, design and media making it one of the largest museums in the world for 
modern and contemporary art.  
 
Four features of the prescriptive based analysis include: 
(1) Egress and Design Analysis 
(2) Structural Fire Protection 
(3) Water-Based Suppression System 
(4) Fire Alarm and Detection 
These four features were performed in order to determine whether the building complies with 
applicable codes and standards. The 2016 California Building Code, 2016 California Fire Code, 
and current National Fire Protection Association (NFPA) standards were used for the prescriptive 
based analysis. After completing the analysis of the museum, it was concluded, based on the 
available data acquired, that the building met the minimum requirements set forth in the building 
code, fire code, and national standards.  
 
Performance based analysis was used to determine whether the fire safety features of the building 
met the design goals in accordance with 2016 California Building Code, 2016 California Fire 
Code, and 2018 NFPA 101. The museum recognizes that the protection of life and limb override 
the protection of art. In doing so, the life safety options set forth in the 2018 NFPA 101 were used: 
(1) Section 5.5.3.2 – An ultrafast developing fire, in the primary means of egress, with 
interior doors open at the start of the fire. It addresses the concern regarding a reduction 
in the number of available means of egress 
(2)  Section 5.5.3.3 – A fire that starts in a normally unoccupied room, potentially 
endangering a large number of occupants in a large room or other area. It addresses the 
concern regarding a fire starting in a normally unoccupied room and migrating into the 
space that potentially holds the greatest number of occupants in the building.  
Two design fires were provided in the performance-based analysis. Pyrosim and Pathfinder were 
two computer modeling programs used to calculate time to tenability criteria and time for 
occupants to exit the building.  
 
First design: A fire in the atrium followed the guidelines for life safety compliance option Section 
5.5.3.2. The fire was assumed to grow as a fast growing t-squared fire curve to a peak heat release 
rate of 5,000 kW. This peak heat release rate was chosen based on the assurance that fuel packages 
in the museum would not exceed 5,000kW. The fire was also assumed to stop growing and to 
maintain steady state conditions at the time of sprinkler activation or at the peak heat release rate. 
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The soot and carbon monoxide (CO) yield inserted into FDS was data gathered from the Society of 
Fire Protection Engineers (SFPE) Handbook 5th Edition. Data gathered from Pyrosim, Pathfinder, 
and British Standard Study from 1997 (pre-movement time) calculated the required safe egress 
time for the 1st floor at 818 seconds and 515 seconds for 7th floor. The results from Pyrosim 
showed that visibility, CO concentration, and temperature never reached tenability criteria for the 
design fire (ASET equaled to ∞). With ASET (∞) > RSET (818 seconds and 515 seconds), the fire 
safety features for design fire #1 passed the performance-based analysis.  
 
Second design: A fire on the 8th floor office level located in a storage room follows the guideline 
for life safety compliance option Section 5.5.3.3. The materials for the fire were modeled after a 4-
unit workstation (small filing cabinets, telephones, computers, modest amount of office paper, and 
desks made of metal frame construction with plastic trim parts). The heat release rate data was 
provided in the 2016 SFPE Handbook at a peak Heat Release Rate (HRR) set at 3000 kW. In 
addition to the workstation, 2 swivel chairs, with a peak heat release rate of 450 kW, was added. 
Calculations for this fire were based on medium alpha t-squared fire with a max/combined HRR of 
3000 kW. The predominant material for office furniture was assumed to be flexible polyurethane 
foam with the highest carbon monoxide and soot yield. In referencing the SFPE Handbook, the 
worst yields came from GM27 polyurethane. Results from Pyrosim provided a sprinkler activation 
time of 191 seconds at a heat release rate of 567 kW.  Using 567 kW as a steady state HRR upon 
sprinkler activation, the results from Pyrosim determined that tenability criteria for soot visibility, 
CO concentration, and temperature were never reached in the design fire (ASET equaled to ∞). 
Pathfinder and data gathered from the British Standard study in 1997 determined a required safe 
egress time (RSET) at 522 seconds. With ASET (∞) > RSET (522 seconds), the fire safety features 
for design fire #2 passed the performance-based analysis.  
 
Although the fire and life safety system design of the museum passed both the prescriptive and 
performance-based analysis, continued analysis should be conducted as changes within the 
museum occur. Recommendations would include: (1) Using smaller mesh size for more precise 
modeling, (2) updating the model to correctly match the detailed architectural design, (3) provide a 
20-minute duration analysis for the design fires, and (4) changing behavior movement patterns in 
Pathfinder to accurately depict occupants with slower movement times. With better understanding 
of smoke control in Pyrosim and behavior pattern in Pathfinder, more precise modeling can be 


















Codes and Standards referenced while performing a fire and life safety analysis of the San 
Francisco Museum of Modern Art: 
 
• 2016 California Building Code 
• 2016 California Fire Code 
• 2016 NFPA 13, Standard for the Installation of Sprinkler Systems 
• 2016 NFPA 14, Standard for the Installation of Standpipe and Hose Systems 
• 2016 NFPA 25, Standard for the Inspection, Testing, and Maintenance of Water-Based Fire 
Protection Systems 
• 2016 NFPA 72, National Fire Alarm and Signaling Code 
• 2016 NFPA 92, Standard for Smoke Control Systems 
• 2018 NFPA 101, Life Safety Code 
• NFPA Fire Protection Handbook, 20th Edition 






















A prescriptive and performance-based analysis was conducted on the San Francisco Museum of 
Modern Art (SFMOMA) to analyze the fire and life safety systems for the building. The 
prescriptive based analysis was performed using the current editions of the California Building 
Code, California Fire Code, and NFPA Standards. The four topics addressed in the prescriptive 
analysis included: (1) Egress design, (2) water-based suppression systems, (3) fire alarm and 
detection/smoke control, and (4) structural fire protection. The performance-based analysis 
included the use of computer fire modeling (Pyrosim and Pathfinder) to calculate ASET and 
RSET. In order to determine safe evacuation of occupants in a fire scenario, the results from the 








The building being analyzed was the San Francisco Museum of Modern Art (SFMOMA). Located 
in the northeast corner of San Francisco, SFMOMA houses a collection of over 33,000 works of 
painting, sculpture, design and media making it one of the largest museums in the world for 
modern and contemporary art.  
 
The SFMOMA is a 10-story, 460,000 𝑓𝑡2 , Type 1A mixed occupancy building and is protected 
throughout by automatic sprinklers. As a Type 1A construction, the building elements are fire-
resistive, non-combustible material with 3-hour rated exterior walls and structural frame, 2-hour 
rated floor and ceiling assembly, and 1.5-hour roof protection. The mixed occupancies include (A) 
Assembly, (B) Business, (M) Mercantile, (F) Factory, and (S) Storage. The San Francisco Museum 
of Modern Art is located on the northeast corner of the city of San Francisco (Figure 5). The initial 
7 story museum was built in 1995 and the expansion was completed in 2016. It included an atrium, 
which acted as the main circulation element of floors 1 through 5. The expansion extended the 
atrium from floor 1 through 7 (Figure 2). The atrium is not open to the basement (Figure 1 and 2). 
Figure 3 shows an example of the art gallery spaces in the museum and Figure 4 provides a look at 





Figure 1. Elevation View of SFMOMA 
 
        
 






   
 




Figure 4. Restaurant and Museum Storefront 
 
 
Special Detailed Requirements on Use and Occupancy 
 
In accordance with the 2016 California Building Code Section 403, high-rise buildings having 
occupied floors located more than 75 feet above the lowest level of fire department vehicle access, 
shall comply with Section 403.2 through 403.7. The SFMOMA shall also comply with Section 
404. Atriums are defined by Chapter 2 as an opening connecting two or more stories other than 
enclosed stairways, elevators, hoistways, escalators, plumbing, electrical, air-conditioning or other 
equipment, which is closed at the top and not defined as a mall. 
 
The ceiling height from the basement to first floor is 16 feet. The first floor to second floor has a 
ceiling height of 19 feet. The third floor to fourth floor has a ceiling height of 16 feet. The fourth 
floor to fifth floor has a ceiling height of 19 feet. The fifth floor to sixth floor has a ceiling height 
of 21 feet. The sixth floor to seventh floor has a ceiling height of 27 feet. The seventh floor to eight 
10 
floor has a ceiling height of 23 feet. Each floor from the eighth to eleventh has a ceiling height of 





Figure 5. Map showing location of the SFMOMA 
 
 
Referencing the information provided in the building overview with the current California Building 
Code, California Fire Code, and NFPA standards, a prescriptive analysis can be conducted. The 
first component in the building’s passive life safety protection system will be discussed next. 

















Egress Analysis and Design 
 
Occupancy Classification/Type and Occupant Load 
 
One component in calculating occupant load was determining occupancy classification/type for 
each area of the floor. Table 1 shows a breakdown of occupancy type for each floor. Figures 6-17 
show the occupancy type on each floor per definitions in the CBC on the site plan. 
The equation below shows how the occupant load was calculated. The area of the room divided by 
the occupant load factor (Table 2) resulted in the occupant load.   
   
Occupant Load = 
𝐴𝑟𝑒𝑎 𝑜𝑓 𝑟𝑜𝑜𝑚 (𝑓𝑡2)






Once the occupant load was determined for each occupancy type on a floor, they were added 
together to provide a total occupant load for the entire floor (Table 3).The calculated occupancy 
load can also determine if the means of egress provided has met the requirements per 2016 CBC 
for the number of occupants on each floor. With the total occupant load calculated, the number of 
exits required on each floor can be determined (Table 5). Table 4 shows the required number of 
exits and number of exits provided on each floor. The design met the requirements per CBC 1021 







































































Table 3. Total Occupant Load Per Floor 
 
















































































































































































































Table 4. Number of Exits Required and Provided 
 
 
Floor Occupants Per Floor Required No. of 
Exits 
Provided No. of 
Exits 
Basement 294 2 3 
Level 1 2450 4 6 
Level 2 1864 4 7 
Level 3 1172 4 7 
Level 4 1344 4 7 
Level 5 652 3 6 
Level 6 664 3 6 
Level 7 595 3 6 
Level 8 348 2 3 
Level 9 200 2 3 
Level 10 403 2 3 
 
 




   
 
Occupancy and Egress/Egress Stairway 
 
For reference, offices are shown in blue, mechanical/electrical rooms in yellow, storage spaces in 
purple, factory spaces in black, assemblies in orange, mercantile spaces in light blue, exit corridors 





Figure 6. Basement Layout 
 
The basement floor has storage space for art storage, general storage, and a library stack area. 
Factory spaces include metal and mounting shops, mechanical and electrial rooms, carpentry and 





Figure 7. First Floor Layout 
   




The first floor has assembly space for a theater, atrium, restaurant, and museum gallery. Mercantile 




Figure 8. Second Floor Layout 
 
The second floor has assembly space for classroom and museum galleries. Mercantile space 




Figure 9. Third Floor Layout 
 
The third floor has assembly space for terrace, museum galleries, and conference rooms greater 
than 50 persons. Business space includes museum administration, support offices, and conference 







Figure 10. Fourth Floor Layout 
 
The fourth floor has assembly space for museum galleries. Business space includes facility rooms 





Figure 11. Floor Five Layout 
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The fifth floor has assembly spaces for a café and museum galleries. Mercantile space includes 








Figure 12. Floor Six Layout 
 
The sixth floor has assembly space for museum galleries. Business space includes facility rooms. 





Figure 13. Floor Seven Layout 
 
The seventh floor has assembly space for terrace and museum galleries. Business space includes 
museum administration and support offices. Factory space includes mechanical and electrical 








Figure 14. Floor Eight Layout 
 
The eighth floor has assembly space for terrace and museum galleries. Business space includes 
museum administration, support offices, and conference rooms less than 50 persons. Factory space 




Figure 15. Floor Nine Layout 
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The ninth floor has business space which includes museum administration, support offices and 
conference rooms less than 50 persons. Factory space includes mechanical and electrical rooms 





Figure 16. Floor Ten Layout 
 
The tenth floor has assembly space for terrace. Business space includes museum administration, 
support offices, and conference rooms less than 50 persons. Factory space includes mechanical and 






Figure 17. Roof Layout 
 




Means of Egress Components (Appendix J) 
 
The exit separation required by the CBC shall not be less than 1/3 the length of the maximum 
overall diagonal of the area served where the building is equipped with an automatic sprinkler 
system. Table 6 shows the max measured diagonal of each floor, the required calculated maximum 
overall length, and the provided exit separation. The design met the requirements of the 2016 CBC 


























Basement 435 145 246 
1 419 140 247 
2 419 140 247 
3 375 125 246 
4 407 136 247 
5 351 117 248 
6 351 117 253 
7 351 117 252 
8 351 117 254 
9 334 112 254 
10 339 113 249 
 
 
The exit travel distance shall be measured from the most remote point within a story along the 
natural and unobstructed path of horizontal and vertical egress travel to the entrance of an exit. The 
exit access travel distance shall not exceed the values given for each occupancy (Table 7) for a 
fully sprinklered building. Table 8 shows the distance from the most remote point on each floor 
and the required maximum travel distance based on occupancy. The design met the requirements 
of the 2016 CBC Table 1017.2.  
 
 







Table 8. Max Travel Distances Each Floor 
 
Level Max Allowable 
Travel Distance 
(Feet) 
Occupancy Max Travel Distance 
Measured (Feet) 
Basement 250 S 245 
1 250 A 156 
2 250 A 249 
3 250 A 242 
4 250 A 158 
5 250 A 212 
6 250 A 141 
7 250 A 116 
8 300 B 104 
9 300 B 150 




The required stairway widths were calculated by multiplying the occupant load by a capacity factor 
of 0.2 inch/occupant when the building is equipped with an automatic sprinkler system and 
emergency voice/alarm communication system per CBC Section 1005.3.1. The minimum width of 
48 inches between handrails was required for stairway in accordance with CBC Section 1009.3.  
The required door widths were calculated by multiplying the occupant load by a capacity factor of 
0.15 inch/occupant when the building is equipped with an automatic sprinkler system and 
emergency voice/alarm communication system per CBC Section 1005.3.2. A clear minimum width 
of 32 inches was required for door openings in accordance with CBC Section 1010.1.1. 
Table 9 provides the required and provided widths of stairways and door openings. The design met 





































Basement 294 44.1 102 59 176 
1 2450 368 1332 490 - 
2 1864 280 498 373 621 
3 1172 176 310 234 290 
4 1344 202 358 269 321 
5 652 98 272 131 232 
6 664 100 172 133 170 
7 595 90 174 119 148 
8 348 53 102 70 148 
9 200 32 102 44 148 

















A complete analysis of the egress design was provided for the San Francisco Museum of Modern 
Art. The analysis (passive fire protection) included system occupancy types, occupant load, 
number of exits, required and provided separation distance, required and provided door/stairway 
widths, and max travel distance. Based on the information provided, the egress design of the San 
Francisco Museum of Modern Art met the requirements of the CBC. Having established the 
passive life safety protection system was compliant, another passive life safety protection will be 







Structural Fire Protection 
 
Fire Resistance – Structural Members 
 
The building construction of the San Francisco Museum of Modern Art is Type 1A. The primary 
structural frame consists of steel framing supporting composite concrete on steel deck floors.  The 
lateral force resisting system incorporates steel buckling-restrained braced frames in steel casings 
ranging from 12 to 16 square inches yielding core areas from 10 to 30 square inches.  All walls 
above ground are non-load bearing and consists of light-gauge framing infill around the steel 
structure. The foundation system utilizes the existing mat slab consisting of 4 feet thick concrete 
and a portion of new mat slab on the south end of the site consisting of 6 feet thick concrete. Table 
10 shows fire resistance requirements and materials of construction. The design met the fire 
resistance requirements based on 2016 CBC Chapter 6.  
 
Table 10. Fire Resistance Requirements 
 








3 hours Table 601 W14 steel columns of 
varying size, poured 




3 hours Table 601 W14 steel columns of 
varying size, poured 




2 hours Table 601 21-inch thick 
reinforced concrete 
flat slab 
Roof Assembly 1.5 hours Table 601 21-inch thick 
reinforced concrete 
flat slab 
Exterior Walls (F-1 
and S-1 Occupancy) 
2 hours (due to less 
than 5 feet fire 
separation distance) 
Table 602 21-inch thick and 18 










Interior Bearing Walls 3 hours Table 601 30-inch thick 
reinforced concrete 
Interior Non-Bearing 
Walls and Partitions 
Non-rated Table 601 Two-layers of 3/8 
inch Type X gypsum 
board 
29 







(connecting 3 floors 
or more) 
2 hours 713.4 18-21 inch thick 
reinforced concrete 









Table 1020.1 Two-layers of 3/8 






Interior wall and ceiling finish materials shall be classified in accordance with ASTM E84 or UL 
723. Such interior finish materials shall be grouped in the following classes in accordance with 
their flame spread and smoke-developed indexes per 2016 CBC Section 803.1.1: 
  
Class A = Flame spread index 0-25; smoke developed index 0-450 
 Class B = Flame spread index 26-75; smoke-developed index 0-450 
 Class C = Flame spread index 76-200; smoke-developed index 0-450 
 
The majority of interior wall and ceiling materials require Class B or Class C finishes as shown 
below based on occupancy (Table 11). This also complies with the interior finish requirement for 
atriums based on 2016 CBC Section 404.8. The design met the requirements in accordance with 
the 2016 CBC. 
 
 
       Table 11. Interior Finishes Requirements 2016 CBC Table 803.11 
 
Group Interior exit 
stairways, exit 
ramps, and exit 
passageway 
Corridors and 
enclosure for exit 
access stairways and 
exit access ramps 
Rooms and Enclosed 
spaces 
A-1, A-2, A-3 B B C 
M B C C 
B B C C 
S C C C 
F C C C 
 
Separation of Occupancies 
 
As a mixed occupancy building, the SFMOMA shall require separation of occupancies based on 
2016 CBC Table 508.4 (Table 12). As the building is equipped with an automatic sprinkler system, 
the highest fire resistance rating for occupancy separation is 1-hour fire resistance rating. 
30 
Occupancies of the same classification do not require rated construction. See Appendix J for fire 
resistance wall provided on the site plan. The design met the requirements in accordance with the 
2016 CBC Table 508.4. 
 
 




Allowable Height and Area 
 
Based on the provided Type IA construction, per 2016 CBC Table 504.3, 504.4, and 506.2 (Table 
13 and Table 14), the allowable height, allowable area, and allowable story count is unlimited for 
all occupancy classifications given that the building has a fully automatic sprinkler system 
















Table 13. Allowable Building Height 2016 CBC Table 504.3 
 
 
Table 14. Allowable Building Area/Allowable Stories 2016 CBC Table 504.4 and Table 506.2 
 










A complete analysis of structural protection was provided for the San Francisco Museum of 
Modern Art, which included construction type, occupancy classifications, and fire-resistance 
ratings. Given this information and compared to the information provided by structural documents, 
the SFMOMA was compliant with the fire-resistance requirements for separation of occupancies, 
interior finishes, and exterior wall separation distances. It was also compliant with the allowable 
height, area, and story count per 2016 California Building code. The SFMOMA was compliant 
with the passive protection of the structural elements. Having established both passive life safety 
protection systems were compliant, the active life safety protection system will be discussed in the 







Water-Based Suppression Systems 
 
The San Francisco Museum of Modern Art provided a complete automatic sprinkler protection 
system to meet the requirements of 2016 CBC Section 403.3 (High Rise) and Section 404.2 
(Atrium). The existing system was a dual interlock pre-action system for area containing art, such 
as the galleries and art-work spaces. The pre-action system remained and the rest of the building 




Water Supply System 
 
Water for fire-fighting was supplied to the San Francisco Fire Department by the San Francisco 
Water Department system. The museum is supplied by an existing 8-inch city water main on Third 
Street between Minna Street and Howard Street. The water supply to the fire pump shall be 
supplied by a minimum of two water mains located on different streets per CBC Section 403.3.2 
However, an exception was applied that allows two connection points onto the same water main 
supply when the water main is valved. The automatic sprinkler system will be fed from two 
different connections to the city’s main beneath 3rd Street and an isolation valve will be provided 
on the main between the two connections to allow for isolation of either one. The backflow 
preventers will be provided within the fire pump room on the basement level. Fire Department 
connections will be required on three streets that face the building: 3rd Street, Minna Street and 








Figure 18. City Water Main, Gate Valve, and FDC connections 
 
 
Water supply information was provided by the San Francisco Fire Department water flow 
department (Figure 19). The results are provided below:  
 
- Static Flow – 56 psi 
- Residual Flow – 52 psi 







Figure 19.  Water Flow Data 
 
Automatic Sprinkler System 
 
The museum is fully equipped with an automatic sprinkler system. The water suppression system 
in the San Francisco Museum of Modern Art consists of a wet pipe and pre-action system. The pre-
action, located in the basement, was existing from the original building prior to expansion. It 
protected areas containing art, such as the galleries and art-work spaces. The wet-pipe system 
services the rest of the building (10-story expansion), which includes art galleries and office 
spaces.  Hundreds of Viking quick response sprinkler heads, installed within the building, include 
upright, pendant and sidewalls with K-factors of 5.6 to 11.2 and activation temperatures of 155℉ 
to 165℉. Table 17 is an example sprinkler legend that provides a number of total sprinkler heads 
per floor, type of sprinklers, position, sizing, K-factor, and activation temperature. Hose stream 
allowance and water supply duration requirements based on occupancy is provided on Table 16. 
Sprinkler design criteria for each occupancy is shown on Table 15. Refer to Appendix A: 
Occupancy Hazard Schematic/ Sprinkler System Schematics and Appendix B: Sprinkler Data 











Table 15.  Sprinkler Design Criteria (2016 NFPA 13 Sec 11.2) 
 
Occupancy Hazard Classification Design Criteria 
Offices, galleries, meeting 
rooms, corridors, restaurant 
seating areas, public 
circulation pace, stairs, and 
restrooms 
 
Light Hazard 0.1 GPM/1500 Square feet 
Kitchens and electrical rooms 
 
Ordinary Hazard Group 1 0.15 GPM/1500 Square feet 
White Box Theater, Loading 
Dock, Storage rooms, 
Mechanical Areas, Compact 
Storage Area, Shop Areas, and 
Ground Floor Covered Space 
Ordinary Hazard Group 2 0.2 GPM/1500 Square feet 
Existing Generator and Fuel 
Storage Room 
Extra Hazard Group 1 0.3 GPM/ Entire Room 
 
Table 16, Sprinkler Hose Allowance and Duration Requirements (2016 NFPA 13 Table 11.2.3.1.2) 
 
Occupancy Inside Hose (gpm) Combined Inside 
and Outside Hose 
(gpm) 
Duration 
Light Hazard 100 100 30 
Ordinary Hazard 100 250 60 
Extra Hazard  100 500 90 
 





The review of the sprinkler plans identified the most hydraulically demanding area for the sprinkler 
system. The ceiling of the top floor of the museum is approximately 205 feet from the ground floor 
where the fire pump is located. The area measured on level 10 was located the farthest from the 
sprinkler riser (Figure 20). The quick response spray sprinklers installed are Viking Microfast with 
K-factor of 5.6 and activation temperature of 155℉.  Using the density/area method in accordance 
with 2016 NFPA 13.2.3.1.1 this location was determined to be the most hydraulically demanding 




Table 18. Automatic Sprinkler Design Analysis 
 
Level Occupancy Design Criteria Required 
Flow/Pressure 
10 Office (Light Hazard) 0.1 GPM/1500 Square 
feet 
399 gpm/93 psi 
 
 
Appendix D shows the hydraulic calculations used to determine the highest demand on the 












The San Francisco Museum of Modern Art is a high-rise building as defined by the CBC. In 
accordance with 2016 CBC Section 403.4.3 and Section 905.3, a standpipe system is required.  
The water suppression system in the SFMOMA consists of a wet pipe and pre-action system. 
These two systems connect to 3 separate Class I standpipe risers along a 6-inch diameter pipe 
providing 2.5-inch outlets on each floor landing. The pre-action, located in the basement, was 
existing from the original building prior to expansion. It services standpipe #1 (CSP#1) and 
standpipe #2 (CSP#2 and CSP#2A) along a 6” diameter riser. CSP#1 consists of stair #2 which 
branches off to two roof manifolds (node 1RF and node 1ER). CSP#2 consists of stair #1 and leads 
to the penthouse roof manifold (node 2ER). CSP#2A consists of stair #18 and leads to a high roof 
2-way manifold (node 212). The wet pipe sprinkler system serves the remainder of the building 
and standpipe #2. CSP#3 consists of stair #11 and leads to another 2-way roof manifold (node 
3RF). Figure 21 shows the schematic for the standpipe system and the location of pressure 
reducing control valves. Pressure reducing valves are required in systems where the potential exists 
for normal water pressure in excess of 175 psi (2016 NFPA 13 Section 8.16.1.2.1). 
 
The minimum design pressure in accordance with 2016 NFPA 14 Section 7.8, required the 
standpipe provide a minimum residual pressure of 100 psi at the outlets of the hydraulically most 
remote 2.5 inch hose connections. The maximum design flow rate for Class I systems shall be 1000 
gpm for buildings that are sprinklered in accordance with 2016 NFPA 14 Section 7.10.1.1.5 
Class 1 standpipes are located on Stair 1, 2, 11, and 18. Two-way roof manifolds are provided for 
all standpipes. The museum’s existing fire pump is a Peerless Model 5AEF12 Horizontal Split 
Case Pump rated 1000 GPM @ 235 psi. The pump was designed to provide a pressure of 100 psi at 
a flow of 250 gpm for each standpipe for max total flow of 1,000 gpm at the roof (Table 19). See 
Appendix D for standpipe hydraulic calculations. The design met the requirements per 2016 NFPA 










Standpipe No. Design Flow/Pressure Required Standpipe Demand Provided Flow/Pressure at 
Pump Discharge  
CSP#1 250 gpm/100 psi 250 gpm/179 psi  
WSP#1 250 gpm/100 psi 250 gpm/155 psi  
CSP#2 250 gpm/100 psi 250 gpm/179 psi  
CSP#2A 250 gpm/100 psi 250 gpm/141 psi  
CSP#3 250 gpm/100 psi 250gpm/143 psi  
Total Standpipe System 1000 gpm/100 psi (max 
flow rate required 2016 
NFPA 14 7.10.1.1.5) 











Secondary Water Supply 
 
The museum provided an onsite water storage reservoir to meet the requirements for a secondary 
water supply in accordance with 2016 CBC Section 403.3.3. An automatic secondary on-site water 
supply having a usable capacity of not less than the hydraulically calculated sprinkler demand, 
including the hose stream requirement, shall be provided for high rise buildings for a duration of 
not less than 30 minutes or as determined by the occupancy hazard classification in accordance 
with NFPA 13. Based on 2016 NFPA 13, Figure 22 shows the hydraulically calculated sprinkler 
demand and hose stream duration requirement in the new and existing building. The reservoir was 
sized to provide for sprinkler protection of light hazard occupancy on level 10 (0.2 gpm/square foot 
over 1500 square feet) for a 60-minute duration. The minimum size of the water tank will be 
33,360 gallons. A tank with a 38,519 gallon capacity was installed in the basement of the museum. 












A fire pump is required for high-rise buildings with an occupied floor exceeding 200 feet above the 
lowest level of fire department access. The pump shall supply the required demand for the 
automatic sprinkler and standpipe systems. At an elevation of 205 feet, the museum requires a fire 
pump in accordance with 2016 CBC Section 403.3.2.1. 
The 8-inch city main connects through the first floor to the fire pump room where it feeds into the 
fire water tank and the fire pump (Figure 23). The pump met the demand requirements of the most 
remote sprinkler and standpipe in accordance with 2016 NFPA 13 and NFPA 14.  
The fire pump installed: 
- Peerless Model 5AEF12 Horizontal Split Case Pump  
- Rated Capacity: 1000 GPM  
- Rated Net Pressure: 235 psi 
- Net Pressure at 150% Capacity: 153 psi (65% of rated pressure) 





















Figure 24. Hydraulic Graph 
 
 
Figure 24 shows a hydraulic graph with all the components of the water-based suppression system 
in the museum. The city water supply (green) does not meet the demand of the furthest remote 
sprinkler design (light red) or the standpipe demand (yellow). The fire pump (blue) installed in the 
museum provides adequate pressure and volume when added to the city supply (purple) to meet the 
demands of sprinklers and standpipe. The dark red line shows where the pressure reducing valve 
was set at 175 in relation to the entire system.  
 
 
Inspection, Testing, and Maintenance requirements [Appendix C]:  
  
2016 NFPA 13 requires inspection, testing, and maintenance of the fire sprinkler, standpipe, and 
fire pump/tank systems in accordance with 2017 NFPA 25. The owner or authorized representative 
is responsible to provide at least the same level of performance as designed.  
 
2017 NFPA 25 Section 3.3.24 allows the inspection, testing, and maintenance to be conducted by a 
qualified contractor or qualified property owner’s representative. Repairs shall be made by the 
same qualified contractor or representative (2017 NFPA 25 Section 4.1.5). 
 
Combined Supply Curve 
Fire Pump Curve 






valve set at 175 psi 
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Appendix C provides a detailed summary of requirements for the inspection, testing, and 
maintenance of the required systems. 
 
Records shall be maintained by the property owner and made available to the authority having 







A complete analysis of the water-based suppression system was provided for the San Francisco 
Museum of Modern Art. The analysis included system design, layout, occupancy hazards, 
hydraulic calculations, and Inspection/Testing/Maintenance. Based on the information gathered 
and in compliance with the requirements of 2016 NFPA 13, the water supply was sufficient in 
providing adequate protection to the most hydraulically demanding point of the building. Water-
based suppression is one of the two forms of active fire protection for life safety. Fire Alarm and 
Detection System (including smoke control), another form of active fire protection, will be 





Fire Alarm and Detection Systems 
 
The fire alarm system was replaced with a new addressable system meeting the requirements of the 
2016 California Fire Code for High Rise Assembly Occupancies. Voice capability was included 
throughout the building and smoke detection throughout all atrium and art containing spaces. The 
fire alarm system also controlled the smoke control system. Figure 25 shows a list of all fire alarm 
devices installed in the building. See Appendix E for schematics on location of 














Emergency voice/communication system 
 
The museum is equipped with a fire emergency voice/alarm communication system (EVACS) to 
convey instructions and information in an emergency in accordance with 2016 CBC Section 
907.5.2.2. The operation of the any automatic fire detector, sprinkler waterflow device or manual 
fire alarm box shall automatically sound an alert tone followed by voice instruction giving 
approved information and directions for a general or staged evacuation in accordance with the 
building’s fire safety and evacuation plan (2016 CBC Section 907.5.2.2). 
 
The system, located in the Fire Command Center on Level 1 (Figure 26), allows the user to call the 
entire building, all floors in alarm, or individual floors. During a fire alarm, the system is assigned 





Figure 26. Fire Command Center 
Fire Alarm System 
 
The fire alarm system installed was an addressable system meeting the requirements of the 2016 
California Building Code for High Rise Assembly Occupancies. It included voice capability 
throughout the building and smoke detection throughout all atrium and art containing spaces. 
Smoke detection activates the smoke control system.  
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The EVAC is controlled by an Edwards EST3 Fire and Life Safety System located on the ground 
floor adjacent to the passenger elevators of the Botta atrium. The EST3 fire system network 
supports up to 64 panels, with each panel supporting up to 2500 addressable points. It delivers a 
fast alarm response time across all network sizes, and up to an overall length of 90 km. The EST3 
is a modular life safety system uniquely designed to meet the needs of any size facility, be it a 
single panel system or a multi-panel network. The system components are arranged in layers, 
starting with the backbox and finishing with inner and outer doors. Cabinets are available with 
room for up to 20 modules and system batteries up to 200 amp hours. A single 24-volt battery can 
act as the secondary power supply for all four internal power supplies. Once the backbox is 
installed, up to four power supplies use a unique paralleling arrangement that ensures the optimum 
use of each supply. Each supply has the capacity to deliver up to 7 amps at 24 Vdc (28 amps total). 








The museum utilizes an off-site central monitoring system (Supervising Station) when alarm, 
trouble, and supervisory signals are received at the main fire alarm control panel (2016 NFPA 72 










Smoke detection was installed in the museum in accordance with 2016 CBC Section 907.2.13.  
The smoke detectors installed are Signature Series SIGA2-P(CO)S photoelectric detectors. In 
addition to continually monitoring the environment for signs of smoke, it monitors for signs of 
carbon monoxide. This device gathers information from the smoke and CO sensor, converts the 
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data into digital signals, and determines whether to initiate an alarm based on its computer 
program.  
The smoke detectors are required to be located 15 feet from walls (Figure 29) and the maximum 
spacing is 30 feet. All points of the ceiling are required to have a detector within 0.7 times the 





Heat detection was also installed throughout the museum. These devices detect either abnormally 
high temperatures or rate of temperature rise. Edwards SIGA2-HRS and Edwards SIGA2-HFS 
were installed in the museum. SIGA2-HRS is a combination fixed temperature/rate of rise heat 
detector that provides a 15℉ per minute rate of rise heat sensor for the detection of fast-developing 
fires as well as a 135℉ fixed temperature sensor for slow building fires. SIGA2-HFS are fixed 
temperature heat detectors that provide a 135℉ fixed temperature heat sensor for the detection of 
heat due to a fire. The heat sensors on both devices monitor the temperature of the air and 
determines whether an alarm should be initiated. Appendix F provides the data sheet for both 
devices.  
Location and spacing of heat detectors shall follow the guidelines based on 2016 NFPA 72 Section 
17.6.3. The maximum linear spacings on smooth ceilings for spot-type heat detectors are 
determined by full scale fire test (Figure 30) and the maximum spacing as determined by the test is 
shown in Figure 31.  
The response of the heat detector is dependent on both the temperature of the ceiling jet gas and the 
speed of the ceiling jet flow. In high ceilings, the plume is cooler and slower, yielding a ceiling jet 
that is both cooler and moving at a slower initial velocity. Heat detectors on ceilings between 10 
feet to 30 feet experience lower temperatures at lower velocities. In order to compensate for the 
cooler and slower flow, the detectors are installed closer together and closer to the fire plume 
centerline. Figure 32 provides the spacing reduction based on ceiling height. The design met the 
requirements in accordance with 2016 NFPA 72 Section 17.6.3. 
 
Duct Smoke Detector 
 
The museum installed Edwards SIGA-SD duct smoke detectors in the confined space of ventilation 
ductwork. The primary purpose is to provide early warning of an impending fire and to prevent 
smoke from circulating throughout the building. It can detect smoke in the supply side of the 
HVAC system, but can also provide supervision on the return side as well. The duct detectors 
continually sample air flow in the HVAC duct and initiate an alarm condition whenever smoke is 
detected. Air enters the detector’s sensing chamber through a sampling tube that extends into the 
duct and is directed back into the ventilation system through an exhaust tube. The difference in air 
pressure between the two tubes pulls the sampled air through the sensing chamber. An alarm is 
activated when the quantity (percent obscuration) of combustion products in the that air sample 
exceed the detector’s sensitivity setting (See Appendix F for data sheet).  
Detectors shall be mounted in accordance with the manufacturer’s published instructions and shall 
be accessible for cleaning by providing access doors or control units in accordance with NFPA 
90A (2016 NFPA 17.7.5.5.4). Figure 33 provides sample criteria on the location and installation of 





Projected beam smoke detection is often used in large open spaces with high ceilings where it is 
difficult for spot-type detectors to initiate due to problems of smoke stratification (2016 NFPA 72 
B.4.9). A beam detector was installed on Atrium Level 6. The reduction of light from the receiver 
to the transmitter of the beam smoke detector from the smoke obscuration would initiate an alarm. 
A Vesda-E Veu aspirating smoke detector was installed. It directs imaging of the sampled particles 
that allow for better detection and fewer nuisance alarms (Appendix F). Based on NFPA 72, on 
smooth ceilings, a spacing of not more than 60 feet between projected beams, and not more than 
one-half that spacing between a projected beam and a sidewall, should be used as a guide. Figure 
34 shows a spacing criteria example. The projected beam-type smoke detector shall be located and 
installed in accordance with the manufacturer’s published instructions. The beam smoke detector 









Figure 30. Fire Test Layout Heat Detectors 
 
 


















Other initiating devices include:  
 
- Water flow alarm devices 
- Ansul hood system devices 
- Manual alarm pull station located in the FACP (2016 CFC Section 907.2). See Figure 35 
for location requirements (2016 NFPA 72 Section 17.14.5)  
 
 
Figure 35. Location of Speaker Strobes/Strobes to Walls and Ceilings 
Notification Devices 
 
Audible and visible notifications are installed throughout the museum in accordance with 2016 
CBC Section 907.5.2.1 and Section 907.5.2.3.  
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Appendix F provides the manufacturer spec sheets on Wheelock E70H and E90H Fidelity Speaker 
and Speaker Strobes. These combination audio/visible notification devices are installed in the 
museum. 
The average audible sound pressure shall be 15 decibels (dBA) above the ambient sound or 5 dBA 
above the maximum sound level having a duration of at least 60 seconds with a maximum sound 
pressure of 110 dBA (2016 CBC Section 907.5.2.1.1 and 907.5.2.1.2). The speakers installed 
provide a sound output of up to 87 dBA at 10 feet.   
In accordance with 2016 NFPA 72 18.4.8.1, wall mounted appliances shall have their tops above 
the finished floors at heights of not less than 90 inches below the finished ceilings at distances of 
not less than 6 inches.  
Wall mounted visible appliances shall be mounted such that the entire lens is not less than 80 
inches and not greater than 96 inches above the finished floor or at the mounting height specified 
using performance-based alternative (2016 NFPA 72 Section 18.5.5). Figure 30 shows the location 
of speaker/strobes.  
Spacing for visible appliances shall be installed in accordance with either Table 18.5.5.4.1(a) or 
Table 18.5.5.4.1(b) per 2016 NFPA 72 Section 18.5.5.4.2 (Figure 36). The multi candela strobe 
provides selectable candela settings of 15/30/75/110 cd. See Appendix E for schematics on spacing 
location for visible appliances.  
The notification devices met the requirements in accordance with 2016 NFPA 72.   
 
 




In accordance with 2016 CBC Section 403.4.8, a standby power system complying with Section 
2702 and Section 3003 shall be provided for the standby power loads specified in Section 
403.4.8.2. The secondary power supply shall have sufficient capacity to operate the system for a 
minimum of 24 hours and shall be capable of operating all alarm notification appliances used for 
evacuation for 15 minutes (2016 NFPA 72 10.6.7.2.1) See Appendix G for calculations. The 





In accordance with 2016 CBC Section 909.4, the atrium was designed using the exhaust method to 
provide a tenable environment of occupants not intimate with the fire, using the atrium as an exit. 
The smoke control system design for the atrium for floors 1-5 followed the exhaust method. The 
mechanical smoke control for large enclosed volumes, such as atriums, shall be permitted to use 
the exhaust method. The design for the smoke control system shall be designed in accordance with 
2018 NFPA 92 (2016 CBC Section 909.8).  
In accordance with 2018 NFPA 92 Section 5.5.2.10, for an atrium fire scenario with a high smoke 
layer interface greater than 50 feet, the axisymmetric plume equation (2018 NFPA 92 Equations 
5.5.1.1b or 5.5.1.1e) shall be used to calculate mass flow rate. Once the mass flow rate is 
determined, the volumetric flow rate of the smoke exhaust can be calculated using Equation 5.7a or 












A smoke control report, written by The Fire Consultants, provided the exhaust rate for the system 
at 400,000 cfm. As the type of art and displays vary over time, they chose a peak heat release rate 
that was expected to be larger than the peak heat release rate for the types of displays and fuel 
packages within the atrium. Administrative controls ensured that individual packages will not 
exceed the standard, fast growing t-square fire - 5000 kW peak heat release rate (HRR). In 
addition, it ensured that fuel packages were separated to prevent fire spread between the large 
display items. In order to sustain this peak heat release rate for the duration of 20 minutes, the fuel 
load would require 550 pounds of flexible polyurethane foam with a heat of combustion of 17,600 
kJ/kg. This was a large fuel load that the museum does not believe would be realistic at any given 
time, but agreed that the fuel load provided a reasonable challenge to the smoke control system. 
The report did not specify the distance used from the base of the fire to smoke layer interface (z). 
Using the equations based on 2016 NFPA 92, the calculated distance would be 78 feet to provide 
400,000 cfm exhaust rate (Figure 37). For design fire #1, 400,000 cfm will be used to analyze the 
smoke control system. It will determine if the installed exhaust rate will meet the CBC 
requirements for smoke control systems to provide tenable conditions for 20 minutes or 1.5 times 
the calculated egress times, whichever is greater (2016 CBC Section 909.4.6). The general smoke 
control approach for the open atrium space within the existing building and for the new building 
spaces defined as part of the main atrium zone is to provide exhaust via the main existing atrium 
exhaust fans. This will provide 400,000 cfm of exhaust at the top of the existing atrium space in the 
rotunda above the fifth floor. The atrium smoke control system will include mechanical make-up 
air injected into the building via the ceiling plenum spaces on each floor level.  
 
Additional mechanical supply air will be injected into the atrium via mechanical diffusers in the 
first floor ceiling above the main entry into the existing atrium space and at the Botta Stair and 
theater grills at the first floor level, and via ceiling diffusers in the new gift shop area and Howard 
Street Gallery at the second floor ceiling of the Howard Street Wing. Make-up air will also be 
provided through the new and existing Art Elevator hoistways following activation of the hoistway 
pressurization systems (Figure 38).  
 
The mechanical supply and exhaust associated with the atrium smoke control system located 
within the north atrium areas (existing building area) is summarized below: 
 
- Atrium Zone Exhaust – 400,000 cfm  
- Supply at Botta Stair and Theater Grills on First Floor – 79,000 cfm  
- Supply at First Floor Ceiling at the Existing Entryway – 45,000 cfm  
-  Supply to the New Second Gift Shop and Howard Street Gallery – 63,000 cfm   
- Plenum Supply on Floors 2, 3, 4, and 5 – 29,000 cfm each  
- New and Existing Art Elevator Hoistways and through Pressurized Stairs – Combined 





Figure 38. Atrium Exhaust System Diagram 
 
The museum is equipped with an HVAC/smoke control system which will automatically turn 
supply/return fans off on the fire floors and turn on the stairwell pressurization fans. Both functions 
are initiated by the fire alarm system (Figure 39). Appendix K provides the complete smoke 
control sequence of operations along with a list of addressable units.  
The results from Pyrosim using the provided exhaust rate of 400,000 cfm showed that the smoke 
control system was able to maintain tenable conditions for the calculated RSET on floor 1 and 













Inspection, Testing, and Maintenance [Appendix H] 
 
The minimum requirements for Inspection, Testing, and Maintenance of the fire alarm is found in 
Chapter 14 of the 2016 NFPA 72. Periodic testing of the fire alarm and signaling systems is not 
necessarily done as a complete system test. NFPA 72 requires parts of the systems to be tested at 
different frequencies. Section 14.3.1 states that visual inspection testing shall be performed in 
accordance with the schedules in Table 14.3.1 or more often if required by the AHJ.  
 
The test methods for fire alarm system testing can be found in 2016 NFPA 72 Section 14.4.3. It 
states that the test can be conducted using silent testing and the bypassing of emergency control 
function. All input signals should be verified according to the system matrix of operation to ensure 
they create the appropriate outputs. Tests of audible notification appliances and emergency control 
functions should be conducted at the conclusion of satisfactory tests of all inputs. System and 
associated equipment shall be tested in accordance to Table 14.4.3.2  
 
Maintenance of the system equipment shall be maintained in accordance with the manufacturer’s 
published instructions per 2016 NFPA 72 Section 14.5.1. The frequency of maintenance shall 







A complete analysis of the alarm and detection devices was provided for the San Francisco 
Museum of Modern Art. The analysis included system design, layout, components, and 
Inspection/Testing/Maintenance. The approved plans provided a sequence of operations showing 
the sequence of events that would occur at the activation of devices. The museum’s smoke control 
analysis was also conducted. The results from Pyrosim using the provided exhaust rate of 400,000 
cfm showed that the smoke control system was able to maintain tenable conditions for the 
calculated RSET on floor 1 and floor 5. The design met the requirements of 2016 NFPA 72 and 






Four features were performed in order to determine whether the building complies with applicable 
codes and standards. These four features included: (1) Egress and Design, (2) Structural Fire 
Protection, (3) Water-Based Suppression System, and (4) Fire Alarm and Detection system. The 
2016 California Building Code, 2016 California Fire Code, and current National Fire Protection 
Association (NFPA) standards were used for the prescriptive based analysis. After completing the 
analysis of the museum, it was concluded, based on the available data acquired, that the building 
has met the minimum requirements set forth in the building code, fire code, and national standards.  
By meeting the structural and life safety goals required by the 2016 CBC and current standards, the 
analysis for passive and active fire protection has been completed. The building has met the 











Although the museum houses priceless pieces of art that cannot be replaced and the utmost care 
and concern during fire-fighting efforts should be observed, it recognizes that the protection of life 
and limb overrides the protection of art. Therefore, the goal of this performance-based analysis will 
be life safety. Following the criteria for performance life safety objective (NFPA 101 5.2.2), the 
occupants shall not be exposed to untenable conditions. The standards set for untenable conditions 
are established by the SFPE Handbook 5th Edition. Pyrosim was used to model two fire scenarios 
to determine the time to smoke detector activation, sprinkler activation, and untenable conditions. 
The time would be the available safe egress time (ASET). In addition, Pathfinder was used to 
model estimated egress times of occupants. This time would be the required safe egress time 
(RSET). If ASET was determined to be greater than RSET, then the building’s passive and active 





Defining the Project Scope (SFPE Handbook 5th Edition Chapter 37) 
 
The definition of performance based design according to the  SFPE Engineering Guide to 
Performance-Based Fire Protection is “an engineering approach to fire protection design based on 
(1) agreed upon fire safety goals and objectives, (2) deterministic and/or probabilistic analysis of 
fire scenarios, and (3) quantitative assessment of design alternatives against the fire safety goals 
and objectives using accepted engineering tools, methodologies, and performance criteria.” 
 
 
Performance-based designs for project scopes are similar to prescriptive-based designs. It identifies 
portions of a building or facility that will be considered by the design, the desired features of the 
design, the intended characteristics of the building, and the regulations that are applicable to the 
design. It also includes identification of the project stakeholders (those that have an interest in the 




Goals are “desired overall fire safety outcome expressed in quantitative terms.” The SFPE 
Engineering Guide to Performance-Based Fire Protection provides four fundamental goals for fire 
safety: (1) Life Safety, (2) Property Protection, (3) Mission Continuity, and (4) Environmental 
Protection.  
 
The goal for the San Francisco Museum of Modern Art was to provide an environment for the 
occupants that was reasonably safe from fire by the following means: 
(1) Protection of occupants not intimate with the initial fire development 




Two types of objectives included (1) stakeholder objectives and (2) design objectives. Stakeholders 
objectives may be expressed in terms of maximum allowable levels of injury, damage to property, 
damage to critical equipment, or length of loss of operations. Design objectives focus on items that 
are intended to be protected from fire and describe the maximum or minimum acceptable fire 
conditions necessary to achieve the stakeholder objectives.  
 
The objectives for the San Francisco Museum of Modern Art included:  
(1) Occupant Protection – A structure shall be designed, constructed, and maintained to 
protect occupants who are not intimate with the initial fire development for the time 
needed to evacuate, relocate, or defend in place.  
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(2) Structural Integrity – structural integrity shall be maintained for the time needed to 
evacuate, relocate, or defend in place occupants who are not intimate with the initial fire 
development. 
Developing Performance Criteria 
 
The SFPE Engineering Guide to Performance-Based Fire Protection defines performance criteria 
as values that, if exceeded, indicate that unacceptable damage has occurred. Performance criteria 
might include temperatures of materials, gas temperatures, smoke concentration or obscuration 
levels, carboxyhemoglobin levels, or radiant heat flux levels.  
 
The performance criteria for the San Francisco Museum of Modern Art included any occupant who 








Human behavior is the study of human response, including people’s awareness, beliefs, attitudes, 
motivations, decisions, behaviors, and coping strategies in exposure to fire. 
In designing a performance-based model, the engineer shall demonstrate that the building was safe. 
This requirement would need to prove that “the time needed to move people to a safe location will 
be less than the time predicted when fire effects will have a potentially lethal impact on any 
occupant” (SFPE Handbook 5th ed). 
 
The predominant occupancies of the museum are assembly and office. As the museum is open to 
the public, many types of occupants (adults, children, elderly, disabled, employees) may be in the 
building in the event of a fire. In accordance with the 2016 California Fire Code, a facility 
emergency plan was required (Appendix I). A Fire Safety Director (FSD) is on staff during normal 
business hours. Their main responsibilities include: (1) upon hearing the fire alarm or receiving a 
report of fire/smoke, activate the fire alarm if not activated, (2) recall elevators, and (3) make 
emergency public address announcements. Additional duties included (1) giving instructions to 
evacuate, (2) start floor warden system, (3) stay in place, and (4) prepare to evacuate instructions. 
As most occupants are unfamiliar with the building exits, a Fire Safety Director and Floor Wardens 
would be relied on to provide direction in case of emergency.  
 
Fire alarms, horns/strobes, and emergency voice and alarm system are present in the museum. This 
provides general information to the occupants in case of emergency. Despite the prompt activation 
of these systems, there will be delays to evacuation (Figure 40). As the fire initially starts, there 
will be time from when the fire begins to the time of fire alarm activation.  Once the alarm is 
activated (horns/strobe/voice systems), there is time delay when occupants react and move to 
egress. The summation of these times will provide RSET with the goal to remain less than the time 




Available Safe Egress Time (ASET) > Required Safe Egress Time (RSET) 
 
ASET is defined as the time between fire ignition and time to untenable conditions (occupants are 
unable to move to a safe location). 
RSET is defined as the time occupants are able to travel from their initial location to a safe 
location. 
 
Figure 40. ASET vs RSET 
 
In order to calculate RSET, Fire Dynamic Simulator (FDS) will determine time to detection and 
alarm activation, while Pathfinder will determine travel time for the last person to exit the building.  
 
( 𝑇𝑖𝑚𝑒𝑑𝑒𝑡𝑒𝑐𝑡 +  𝑇𝑖𝑚𝑒𝑑𝑒𝑙𝑎𝑦 + 𝑇𝑖𝑚𝑒𝑎𝑙𝑎𝑟𝑚 + 𝑇𝑖𝑚𝑒𝑡𝑟𝑎𝑣𝑒𝑙) ∗ 𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 ( 𝑥1.5) = 𝑅𝑆𝐸𝑇 
 
In order to calculate ASET, Fire Dynamic Simulator (FDS) will determine time to tenability 
criteria for visibility, Carbon Monoxide concentration, and Temperature.  
 







Estimated Egress Times  
 
Two methods used for calculating estimated egress times for the San Francisco Museum of 
Modern Art included (1) data gathered from the British Standards Institute in 1997 and (2) 
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Pathfinder, a computer-based program, designed to estimate human egress patterns. The results 
from the British Standard Institute study provided a pre-movement time or delay time to 
evacuation. Pre-movement time is defined by the SFPE Handbook 5th Edition as the time at which 
a general alarm signal or warning is given and the time at which the first deliberate evacuation 
movement is made. As shown in Figure 41, for museum occupancies that are provided with live 




Figure 41. Delay Time Estimation 
 
Pathfinder is an emergency egress simulator that includes an integrated user interface and animated 
3D results. Pathfinder allows you to evaluate evacuation models faster and produce more realistic 
graphics. By default, the movement of occupants are based on a set of parameters including: (1) 
queue times for each door of the room, (2) time to travel to each door of the room, (3) estimated 
time from each door to the exit, (4) and the distance traveled. The parameters can also be modified 
to change the occupant’s behavior pattern. The results can provide calculated times from when 
evacuation begins to complete evacuation of the building.  
 
Assumptions based on using Pathfinder default values (urges caution on changing default values as 
the values are an average over a wide demographic): 
- Occupants randomly assigned a walking speed between 3-5 feet per second (average 
walking speed of an adult is about 4 feet per second based on Table 63.5 of the SFPE 
Handbook 5th edition). 
- Occupants start egress at the same time. 
- Velocity will be reduced in area of high occupant density or low visibility. 
- A comfort distance of five inches was set.  
- A constant occupant height of six feet (this characteristic has no effect on the egress 
simulation).  
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- Occupants have a constant diameter of 17.9 inches. 
- Occupants were assumed to be able-bodied adults (no accommodations made for disable 
persons).  
Structural assumptions include:  
- Stairs have a code compliant rise and run of 7 inches and 11 inches respectively.  








In accordance with 2016 CBC Section 909.8.1, the height of the lowest horizontal surface of the 
smoke layer interface shall be maintained not less than 6 feet above a walking surface that forms a 
portion of a required egress system within the smoke zone. 
 
Visibility criteria were based on factors including (1) occupant familiarity with the building, (2) 
size of rooms, and (3) the complexity of the building layout. Given that the museum is visited 
infrequently by most occupants, they would be unfamiliar with the building layout. In addition to 
being unfamiliar to the building, the museum contains rooms of different sizes and the layout is 
complex. Using data from SFPE Handbook Table 61.3 5th edition, a minimum distance of 13 
meters to an exit shall be maintained for occupants unfamiliar to the building, while a minimum 
distance of 4 meters for occupants familiar with the building (Table 20).  
 
Table 20. Minimum Visibility Limits 
Degree of familiarity with 
inside the building 
Smoke Density (Extinction 
coefficient) 
Visibility (meters) 
Unfamiliar 0.15 1/m 13 
Familiar 0.5 1/m 4 
 
The SFPE Handbook Chapter 63 pg. 2382 states the temperature at which thermal burns to the 
respiratory tract may occur on inhalation from air containing less than 10% by volume water vapor 
occur above 60℃ (Table 21). 
 
Table 21. Temperature Tenability Limits 
Temperature (℃) Time to Effect 







According to SFPE Handbook Chapter 63, three reasons why carbon monoxide (CO) is considered 
the most important asphyxiant in fires: (1) they are always present in fires at high concentrations, 
(2) it causes confusion and loss of consciousness, thereby impairing or preventing escape, and (3) 
it is considered the major cause of death in fires. When CO combines with hemoglobin in the 
blood, it forms carboxyhemoglobin (COHb). The results produce toxic asphyxia because it reduces 
the amount of oxygen supplied to the tissues of the body, including brain tissue.  
FDS measures carbon monoxide as a volume fraction which the design fire can use as tenability 










Table 23. Summary of Tenability Criteria 
 
 
Visibility 13 meters (unfamiliar) 
4 meters (familiar) 
Temperature 60 ℃ 
Carbon Monoxide Concentration 0.0014 mol of CO per mol of air 
 






Design Fire Scenarios  
 
The design fire, based on 2018 NFPA 101 Section 5.5, shall be evaluated using a method 
acceptable to the authority having jurisdiction and appropriate for the conditions. Each design fire 
scenario shall be as challenging as any that could occur in the building, but shall be realistic, with 
respect to at least one of the following scenario specifications: (1) initial fire location, (2) early rate 






Design Fire #1: 
 
Location of the fire was on the first-floor atrium of the museum (Figure 43).  The atrium fire 
followed design fire 2 scenario based on 2018 NFPA 101 Section 5.5.3.2: 
 
(1) It was an ultrafast-developing fire, in the primary means of egress, with interior doors 
open at the start of the fire. 
(2) It addressed the concern regarding a reduction in the number of available means of 
egress. 
This area was chosen because it serves as the main entrance to the museum and connects the 
museum to the store and restaurant. The atrium connects 7 floors equating to about 100 feet of 
vertical space. The space was high enough that it will not demonstrate a compartmentalized 
situation, but rather a good design to show smoke layer and possible sprinkler activation. The 
SFMOMA’s smoke control report provided an atrium design fire. Using the same information, 
Design Fire #1 determined if the fire system installed had similar results to the smoke control 
report. As the type of art and displays vary over time, they chose a peak heat release rate that was 
expected to be larger than the peak heat release rate for the types of displays and fuel packages 
within the atrium. Administrative controls ensured that individual packages will not exceed the 
standard, fast growing t-square fire - 5000 kW peak heat release rate (HRR). In addition, it ensured 
that fuel packages were separated to prevent fire spread between the large display items. In order to 
sustain this peak heat release rate for the duration of 20 minutes, the fuel load would require 550 
pounds of flexible polyurethane foam with a heat of combustion of 17,600 kJ/kg. This was a large 
fuel load that the museum does not believe would be realistic at any given time, but agreed that the 
fuel load provided a reasonable challenge to the smoke control system. For this scenario, the fire 
stopped growing at the peak heat release rate and remained steady state at the set peak heat release 
rate of 5000kW. The activation temperature set for quick response sprinkler was set at 165 ℉ and 
an RTI value of 90 𝑠𝑒𝑐1/2𝑓𝑡1/2.  
The fuel properties chosen for this scenario was assumed to be a Polyurethane GM27 (widely used 
in commercial products including furniture, packaging, textiles, and fibers). Based on the fuel 
choice, a soot yield of 0.198 kg soot/kg fuel consumed and carbon monoxide yield of 0.042 g/g 
were gathered from the SFPE Handbook 5th Edition Table A.39. The data was inserted into 

























Pathfinder Results Design Fire #1: 
 
Assumptions while using Pathfinder to determine RSET included:  
(1) Providing a fully occupied floor for level 1 and level 5 (Figure 44 and Figure 45) 
(2) Removing the main means of egress to satisfy part two of the 2018 NFPA 101 Section 5.5.3.2. 
(3) Since Level 1 is located on the street level, once the occupant exits into a door, they have exited 
the building into the public way. 
(4) On the upper floors, once the fire alarm has been activated and occupants enter the stairway, 
the 2-hour rated exit passageway provides protection directly to the public way that do not require 
access through level 1.  
(5) Upon activation of the alarm system, all other doors will close (Figure 28 – fire alarm sequence 
of operations). 
(6) Final travel time for evacuation will be when the last occupant reaches the 2-hour rated 
stairway or public way. 
 
The duration of operation for all portions of active or engineered smoke control systems shall be 
capable of continued operation after detection of the fire event for a period of not less than either 
20 minutes or 1.5 times the calculated egress time, whichever is greater (2016 California Fire Code 
Section 909.4.6). Continued analysis, conducted at a later time, will determine whether the 
installed smoke control design will meet the 20-minute duration requirement.  
 
The delay time to evacuation was 120 seconds based on data gathered from the British Standards 
Institute in 1997.  Pathfinder determined the travel time for evacuation of level 1 equaled to 361 
seconds. Pyrosim provided a time of detection (optical smoke beam detector located on 6th floor) of 
54 seconds based on an activation obscuration of 20%/meter. With a time to alarm activation of 10 
seconds, the total egress time was calculated at 545 seconds. Being conservative when comparing 
egress results with tenability criteria from Pyrosim, a safety factor of 1.5 was incorporated.  
 
(𝑇𝑖𝑚𝑒𝑑𝑒𝑡𝑒𝑐𝑡  + 𝑇𝑖𝑚𝑒𝐷𝑒𝑙𝑎𝑦 + 𝑇𝑖𝑚𝑒𝑎𝑙𝑎𝑟𝑚 + 𝑇𝑖𝑚𝑒𝑡𝑟𝑎𝑣𝑒𝑙) ∗ 𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 ( 𝑥1.5) = 𝑅𝑆𝐸𝑇 
 
(54s + 120s + 10s + 361s) * (1.5) = 818 s 
 





Figure 44. Fully Occupied Floor 1 
 
 
The delay time to evacuation was 120 seconds based on data gathered from the British Standards 
Institute in 1997.  Pathfinder determined the travel time for evacuation of level equaled to 159 
seconds. The results from Pyrosim provided a time of detection (optical smoke beam detector 
located on 6th floor) of 54 seconds based on an activation obscuration of 20%/meter. With a time to 
alarm activation of 10 seconds, the total egress time was calculated at 343 seconds. Being 
conservative when comparing egress results with tenability criteria from Pyrosim, a safety factor of 
1.5 was incorporated.  
 
(𝑇𝑖𝑚𝑒𝑑𝑒𝑡𝑒𝑐𝑡+ 𝑇𝑖𝑚𝑒𝐷𝑒𝑙𝑎𝑦 + 𝑇𝑖𝑚𝑒𝑎𝑙𝑎𝑟𝑚 + 𝑇𝑖𝑚𝑒𝑡𝑟𝑎𝑣𝑒𝑙) ∗ 𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 ( 𝑥1.5) = 𝑅𝑆𝐸𝑇 
 
(54s + 120s + 10s + 159s) * (1.5) = 515 s 
 






Figure 45. Fully Occupied Floor 5 
 
Pyrosim Results Design Fire #1: 
 
The results below are based on a maintained set peak HRR at 5000 kW with no sprinkler activation 
for the 850 second simulation time. Sprinkler activation temperature was never reached. Atrium 






Three factors that affect visibility threshold include: (1) occupants are unfamiliar with the building, 
(2) the size of the rooms vary on each floor, and (3) complexity of the building layout. Given that 
levels 1-7 are opened to the public and all three factors affect the occupants, the visibility limit for 
Design Fire #1 will be set at 13 meters. Results from Pyrosim showed that visibility never reached 
tenability criteria for the calculated RSET of 515 seconds on Level 5 and 818 seconds on Level 1 
(Figure 46 and 47) at 6 feet above the walking surface. In addition, the requirements set forth by 
the CBC, a 20-minute duration of tenable conditions for the smoke control system must be 
maintained. Continued analysis, conducted at a later time, will determine whether the installed 
















According to the model, the temperature never reached tenability criteria at the calculated RSET 




























According to the model, the temperature never reached tenability criteria at the calculated RSET 




Figure 49. Temperature 3D Slice File at 818 sec 
 
Carbon Monoxide Concentration 
 
According to the model, the carbon monoxide concentration never reached tenability criteria at the 








According to the model, the carbon monoxide concentration never reached tenability criteria at the 




Figure 51. CO Concentration 3D Slice File at 818 sec 
 
 
Tenability results for the Level 1 and Level 5 Atrium are summarized in Table 19. Using 5000 kW 
at a steady state HRR with no sprinkler activation, the results from Pyrosim determined that 
tenability criteria for soot visibility, CO concentration, and temperature were never reached in the 
design fire (ASET equaled to ∞). Pathfinder and data gathered from the British Standard study in 
1997 determined a required safe egress time (RSET) at 818 seconds on level 1 and 515 seconds on 
level 5. With ASET (∞) > RSET (818 seconds and 515 seconds), the fire safety features for design 
fire #1 passed the performance-based analysis.  
 
Table 19. Summary of Tenability Criteria 
 
 Tenability Time (sec) 
Visibility Pass - 
Temperature Pass - 











Design Fire #2:  
 
The location of design fire #2 was on level 8 (Figure 52).  Levels 8-11 have an open space floor 
plan design. The office space fire followed design fire scenario 3 based on the 2018 NFPA 101 
Section 5.5.3.3: 
(1) It was a fire that started in a normally unoccupied room, potentially endangering a large 
number of occupants in large room or other area. 
(2) It addressed the concern regarding a fire starting in a normally unoccupied room and 
migrating into the space that potentially holds the greatest number of occupants in the 
building. 
The location of the fire was located in a storage (normally unoccupied) room. The fuel load 
included a workstation (Figure 53 - Test#1) consisting of 3 panels with a desk, office chair, 
monitor, commodities, paper reams, and two office chairs (Figure 54 – Swivel Chair test). The 
summation of the two fuel loads are shown in Figure 51. As the fire ignited, the hazard allowed 
products of combustion to spread into the corridor and open office space. After detection of the 
fire, all other doors on the floor were assumed to close based on the fire alarm sequence of 
operation (Figure 28). The door to storage room was propped open to represent the failing system 
of this design fire. Fire sprinklers were assumed to be operational. For this scenario, the fire had a 
medium growth alpha t-square peak heat release rate of 3000 kW (Figure 55).  In addition, the fire 
would assume to stop growing and maintain steady state conditions at sprinkler activation. The 
activation temperature for quick response sprinkler was set at 165 ℉ and an RTI value of 90 
𝑠𝑒𝑐1/2𝑓𝑡1/2. The HRR was 567 kW when sprinklers activated at 191 seconds (Figure 56). The fuel 
properties chosen for this scenario was assumed to be a Polyurethane GM27 (widely used in 
commercial products including furniture, packaging, textiles, and fibers). Based on the fuel choice, 
a soot yield of 0.198 kg soot/kg fuel consumed and carbon monoxide yield of 0.042 g/g were used 





Figure 52. Location of Fire in Office Floor 
 























Figure 55. Combines HRR curve of a Four Unit Workstation and Office Chairs vs Fire 































Sprinkler Activation = 191 sec 





Pathfinder Results Design Fire #2: 
 
Assumptions placed while using Pathfinder to determine RSET included:  
(1) Providing a fully occupied floor for level 8 (Figure 57). 
(2) Fire originates from a normally unoccupied storage room to satisfy part two of the 2018 NFPA 
101 Section 5.5.3.3. 
(3) As the stairway is 2-hour minimum fire rated shaft and leads directly to the public way, the 
assumption is once an occupant has entered the egress stairway, they are considered safe. 
(4) Upon activation of the alarm system, all other doors will close (Figure 28 – fire alarm sequence 
of operations). 
(5) Final travel time for evacuation will be when the last occupant reaches the 2-hour rated 
stairway or public way. 
 
The delay time to evacuation was 120 seconds based on data gathered from the British Standards 
Institute in 1997.  Pathfinder determined the travel time for evacuation of level 8 equaled 124 
seconds. Pyrosim provided a time of detection of 94 seconds based on an activation obscuration of 
20%/meter. With a time to alarm activation of 10 seconds, the total egress time was calculated at 
348 seconds. Being conservative when comparing egress results with tenability criteria from 
Pyrosim, a safety factor of 1.5 was incorporated.  
 
(𝑇𝑖𝑚𝑒𝑑𝑒𝑡𝑒𝑐𝑡 + 𝑇𝑖𝑚𝑒𝑑𝑒𝑙𝑎𝑦  + 𝑇𝑖𝑚𝑒𝑎𝑙𝑎𝑟𝑚 + 𝑇𝑖𝑚𝑒𝑡𝑟𝑎𝑣𝑒𝑙) ∗ 𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 ( 𝑥1.5) = 𝑅𝑆𝐸𝑇 
 
(94s + 120s+ 10s + 124s) * (1.5) = 522 s 
 















Pyrosim Results Design Fire #2 
 
The results below are based on (1) open door from storage room, (2) sprinkler activation, and (3) 
maintained a set peak HRR of 567 kW for the 600 second simulation time.  
 































According to the model, the visibility outside the unoccupied room never reached tenability criteria 
at the calculated RSET of 522 seconds on Level 8 (Figure 59). Level 8 was an office space that is 
not accessible to the public. The occupants of the floor are familiar with the building and the egress 



























According to the model, the temperature of the smoke outside the unoccupied room never reached 


























Carbon Monoxide Concentration 
 
 
According to the model, carbon monoxide concentration outside the unoccupied room never 









Tenability results for the Level 8 Office Floor are summarized in Table 20. Using 567 kW at a 
steady state HRR upon sprinkler activation, the results from Pyrosim determined that tenability 
criteria for soot visibility, CO concentration, and temperature were never reached in the design fire 
(ASET equaled ∞). Pathfinder and data gathered from the British Standard study in 1997 
determined a required safe egress time (RSET) at 522 seconds. With ASET (∞) > RSET (522 




Table 20. Summary of Tenability Criteria 
 
 Tenability Time (sec) 
Visibility Pass - 
Temperature Pass - 





Limitations to Pathfinder and Pyrosim 
 
With the advantages of Pathfinder and Pyrosim in calculating RSET and ASET, there were 
limitations to the programs as well. Pathfinder urged caution changing default values as the values 
are an average over a wide demographic. Examples of limitations to Pathfinder included: (1) all or 
most of the persons involved are free of disabilities that would significantly impede their ability to 
keep up with the movement of a group, (2) occupant flow will not involve any interruptions caused 
by decisions of the individuals involved, and (3) it may underestimate actual egress times because 
all persons will start to evacuate at the same instant.  
Pyrosim also has limitations that included: (1) input of correct data (including material properties, 
HRR, fire growth, and smoke control exhaust rate), (2) does not take into account ignition of 
surrounding items from radiant heat transfer, and (3) user may not provide precise modeling by 







The total travel time to building evacuation was determined using Pathfinder. Pre-movement time, 
occupant behavior characteristics, sprinkler activation time, and alarm detection time was gathered 
from data provided by the Pyrosim and data gathered from a study conducted by the British 
Standards Institute in 1997. By combining these findings, the required safe egress time (RSET) 
was calculated. The Atrium fire had a RSET of 818 seconds on level 1 and 515 seconds on level 5. 
The Level 8 Office had a RSET of 522 seconds.  
Material properties, soot yield, geometry, and carbon monoxide yields were used to determine if 
tenability was attained in Pyrosim. The exhaust rate of 400,000 cfm allowed the smoke control 
system to maintain tenable conditions for the calculated RSET on floor 1 and floor 5. The results 
from Pyrosim showed that visibility, CO concentration, and temperature never reached tenability 
criteria for both design fires (ASET equaled to ∞). With ASET (∞) > RSET (818 seconds on level 
1, 515 seconds on level 5, and 522 seconds on level 8), the fire safety features for both design fires 









Using the 2016 California Building Code, 2016 California Fire Code, and current NFPA standards, 
a prescriptive based analysis was performed on the San Francisco Museum of Modern Art. The 
prescriptive analysis included assessing the active and passive protection of the building. The 
passive protection included analysis of the egress design of the building. It encompassed 
84 
calculating occupancy loads, required means of egress, exit sizes, travel distances, and common 
path of travel. Another form of passive protection assessed included fire resistance ratings of 
structural members, flammability ratings, occupancy separation, allowable stories, allowable 
height, allowable area, and fire separation distances. The results from the analysis concluded that 
the passive protection for the museum met the requirements set forth by the governing codes. The 
active protection of the building included the water-based suppression system (automatic sprinkler 
system, standpipe, and water storage tank). Analysis of the water supply/demand, sprinkler design 
and layout, hydraulic calculations, and inspection, test, and maintenance (ITM) concluded that the 
active protection system met the requirements set forth by governing codes for the water-based 
suppression system. The other active protection within the building included the fire alarm and 
detection system. The notification and signaling devices, secondary power, and smoke control 
system were analyzed and were in compliance with the code. By providing compliance in both 
active and passive protection, the fire and life safety systems met the prescriptive requirements.  
 
In following the requirements based on the 2018 NFPA 101 for life safety options, a performance- 
based analysis was conducted on the San Francisco Museum of Modern Art. Two fires were 
analyzed using the computer model Pyrosim. One fire was located in the means of egress and the 
other was located in a normally unoccupied space next to a normally occupied room. The computer 
model, Pathfinder, was used to determine RSET. By inserting occupant behavior characteristics 
and providing pre-movement time data, the total evacuation time was determined. The Atrium fire 
had a RSET of 818 seconds on level 1 and 515 seconds on level 5. The Level 8 Office had a RSET 
of 522 seconds.  
Material properties, soot yield, geometry, and carbon monoxide yields were used to determine if 
tenability was attained in Pyrosim. The time to reach tenability would equate to an available safe 
egress time (ASET). The exhaust rate of 400,000 cfm allowed the smoke control system to 
maintain tenable conditions for the calculated RSET on floor 1 and floor 5.  
 
The results from Pyrosim showed that tenability was never reached (ASET equaled to ∞) for both 
design fires for the calculated RSET of 818 seconds on level 1, 515 seconds on level 5, and 522 
seconds on level 8. With ASET (∞) > RSET (818 seconds on level 1, 515 seconds on level 5, and 
522 seconds on level 8), the fire safety features for both design fires passed the performance-based 
analysis.  
  
Although the fire/life safety system design of the museum passed both the prescriptive and 
performance-based analysis, continued analysis should be conducted as changes within the 
museum occur. Recommendations would include: (1) Using smaller mesh size for more precise 
modeling, (2) updating the model to correctly match the detailed architectural design, (3) provide a 
20-minute duration analysis for the design fires, and (4) changing behavior movement patterns in 
Pathfinder to accurately depict occupants with slower movement times. With better understanding 
of smoke control in Pyrosim and behavior patterns in Pathfinder, more precise modeling can be 
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[D=0.2 gpm/sf  K=5.6] 
Notes 
      q 21.6 1   L 11 C= 120 Pt 14.9 k= q=130 x 0.2 = 21.6 
1   BL1L     1.049   F       Pe     Pt = 5.6*(21.6)^1/2 
      Q 21.6     T   pf 0.117 Pf 1.3 Pt= 14.9 
      q 22.5 1.25 T6 L 8 C=   Pt 16.2 k= 5.6 
2   BL1     1.38   F 6     Pe   q= 5.6*(16.2)^1/2 
      Q 44.1     T 14 pf 0.117 Pf 1.6     
      q       L   C=   Pt 17.8 k= BL-1L K=  
              F       Pe     44.1/(17.8)^1/2= 
      Q       T   pf   Pf     10.45 
      q 21.6 1.25 T6 L 8 C=   Pt 14.9 k= BL-1L K=  
3   BL1R     1.38   F 6     Pe     21.6/(16.5)^1/2= 
      Q 21.6     T 14 pf 0.117 Pf 1.6   5.32 
      q 22.4     L   C=   Pt 16.5 q= BL-1R= 
4   BL-1R         F       Pe     5.32*(17.8)^1/2 
    actual Q       T   pf   Pf       
      q   1.25   L 1 C=   Pt 16.2 k=   
5   D RN     1.38 T6 F 6     Pe 0.4   Pe=1*.433 
      Q 66.5     T 7 pf 0.260 Pf 1.8     
      q       L   C=   Pt 18.4   BL-1L K=  
              F       Pe     66.5/(18.4)^1/2= 
      Q 66.5     T   pf   Pf     15.6 
    CM to q   1.5   L 11 C=   Pt 18.4 q= 15.6*(19.8)^1/2 
6   BL-2     1.61   F       Pe       
      Q       T 11 pf 0.123 Pf 1.4     
    BL-2 to q 69.4 2   L 10 C=   Pt 19.8     
7   BL-3     2.067   F       Pe       
      Q 136.0     T   pf 0.143 Pf 1.4     
      q       L   C=   Pt 21.3     
              F       Pe       
      Q       T   pf   Pf       
      q 21.6 1.25   L 11 C=   Pt 14.9   BL-3L K=  
8   BL-3L     1.38 T6 F 6     Pe     21.6/(15.4)^1/2= 
      Q       T 17 pf 0.031 Pf 0.5   5.5 
      q 21.6 1.25   L 4 C=   Pt 14.9   BL-3R K=  
    BL-3R     1.38 T6 F 6     Pe     21.6/(15.2)^1/2= 
      Q 21.6     T 10 pf 0.031 Pf 0.3   5.5 
    BL-3R q 21.8     L   C=   Pt     BL-3R= 
9   actual         F       Pe     5.55*(15.4)^1/2 
      Q       T   pf   Pf       
145 
      q   1.25   L 1 C=   Pt 14.9     
10   D RN     1.38 T6 F 6     Pe 0.4   Pe=1*0.433 
      Q 43.4     T 7 pf 0.112 Pf 0.8     
      q       L   C=   Pt 16.1   BL-3 K= 
              F       Pe     43.4/(16.1)^1/2 
      Q 43.4     T   pf   Pf     10.8 
    2.5 q 49.8 2.5   L 218 C=   Pt 21.3 q= 10.8(21.3)^1/2 
11   Main     2.469 E6 F 6     Pe       
      Q 298.8     T 224 pf 0.104 Pf 23.3     
    3 q   3   L 10 C=   Pt 44.6     
12   Main     3.068 E7 F 7     Pe       
      Q 298.8     T 17 pf 0.036 Pf 0.6     
    3.5 q   3.5   L 80 C=   Pt 45.2     
13   RISER     3.548 3*E8 F 24     Pe       
      Q 298.8     T 104 pf 0.018 Pf 1.9     
    Top of q   4 CV-22 L 80 C=   Pt 52.1     
14   Riser to     4.062 GV-2 F 24     Pe 39.6   Pe=70*0.433 
    Bottom Q 298.8     T 94 pf 0.009 Pf 0.8     




= 399 gpm     L   C=   Pt 
92.6 
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Qty Model # Description Alarm Current Standby Current 
1 3-CPU3/3-PPS/M CPU and Power Supply 0.165 0.165 .0155 0.155 
1 3-RS485A Network Comm Card 0.098 0.098 0.098 0.098 
1 3-BPS/M Booster Power Supply 0.05 0.05 0.05 0.05 
1 3-SSDC1 Single Data Card 0.204 0.204 0.144 0.144 
1 3-SSDC1 Dual Data Card 0.336 0.336 0.264 0.264 
1 3-RS232 Printer Comm Card 0.058 0.058 0.058 0.058 
3 3-ZA40B 40 Watt Amp 2.48 7044 0.062 0.186 
  
  Total Alarm Current (A) 8.351 
  Hours of Alarm – 15 Minutes (B) 0.25 
  Total for Alarm (A) x (B) 2.0876 
    
  Total Standby Current (A) 0.955 
  Standby Hours 24 
  Total for Standby (A) x (B) 22.92 
  Alarm Current + Standby Current (C) 25.008 
  20% Safety Margin (D) 1.2 
  Battery Total (C) x (D) 30.009 
    




Qty Model # Description Alarm Current Standby Current 
1 PS-6EXP NAC Extend Power Supply 0.184 0.184 0.164 0.164 
4 E70-24MCW-FW Wall Speaker Strobe 15 CD 0.06 0.24 0 0 
1 E70-24MCW-FW Wall Speaker Strobe 30 CD 0.092 0.092 0 0 
2 E70-24MCW-FW Wall Speaker Strobe 75 CD 0.165 0.33 0 0 
184 
2 E70-24MCW-FW Wall Speaker Strobe 110 CD 0.22 0.44 0 0 
0 E90-24MCC-FW/FR Ceiling Speaker Strobe 15 CD 0.065 0 0 0 
3 E90-24MCC-FW Ceiling Speaker Strobe 30 CD 0.105 0.315 0 0 
11 E90-24MCC-FW Ceiling Speaker Strobe 75 CD 0.189 2.079 0 0 
0 E90-24MCC-FW/FR Ceiling Speaker Strobe 95 CD 0.249 0 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 115 CD 0.3 0 0 0 
0 ET70WP-24135W Wall WP Speaker Strobe 135 0.3 0 0 0 
0 ET70WP-24115W Ceiling WP Speaker Strobe 115 0.3 0 0 0 
2 RSS-24MCW-FW Wall Strobe 15 CD 0.06 0.12 0 0 
0 RSS-24MCW-FW Wall Strobe 30 CD 0.092 0 0 0 
0 RSS-24MCW-FW Wall Strobe 75 CD 0.165 0 0 0 
0 RSS-24MCW-FW Wall Strobe 110 CD 0.22 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 15 CD 0.065 0 0 0 
1 RSS-24MCW-FW Ceiling Strobe 30 CD 0.105 0.105 0 0 
0 RSS-24MCW-FW Ceiling Strobe 75 CD 0.189 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 95 CD 0.249 0 0 0 
0 EC-50R Wall Beam Smoke Detector 0.14 0 0 0 
0 TWLA Temperature Sensor 0 0 0.03 0 
0 CNI3233 Temperature Controller 0 0 0.125  
       
   Total 3.905 Total 0.164 
  
  Total Alarm Current (A) 3.905 
  Hours of Alarm – 15 Minutes (B) 0.25 
  Total for Alarm (A) x (B) 0.976 
    
  Total Standby Current (A) 0.164 
  Standby Hours 24 
  Total for Standby (A) x (B) 3.936 
  Alarm Current + Standby Current (C) 4.912 
  20% Safety Margin (D) 1.2 
  Battery Total (C) x (D) 5.895 
    






Level 1 Fire Alarm Control Panel 
 
Qty Model # Description Alarm Current Standby Current 
1 3-CPU3/3-PPS/M CPU and Power Supply 0.165 0.165 .0155 0.155 
1 3-RS485A Network Comm Card 0.098 0.098 0.098 0.098 
1 3-RS232 Printer Comm Card 0.058 0.058 0.058 0.058 
1 3-MODCOM Modem Communicator 0.095 0.095 0.06 0.06 
1 3-SSDC1 Single Data Card 0.204 0.204 0.144 0.144 
4 3-SSDC1 Dual Data Card 0.336 1.344 0.264 1.056 
4 3-ZA20B 20 Watt Amp  1.12 4.48 0.062 0.248 
3 3-12/S1GY 12 Switches 0.0035 0.0105 0.002 0.006 
1 3-ANNCPU3 Annunciator CPU 0.144 0.144 0.144 0.144 
1 3-LCD Annunciator LCD 0.042 0.042 0.04 0.04 
  
  Total Alarm Current (A) 6.6405 
  Hours of Alarm – 15 Minutes (B) 0.25 
  Total for Alarm (A) x (B) 1.6601 
    
  Total Standby Current (A) 2.009 
  Standby Hours 24 
  Total for Standby (A) x (B) 48.216 
  Alarm Current + Standby Current (C) 49.876 
  20% Safety Margin (D) 1.2 
  Battery Total (C) x (D) 59.851 
    





Qty Model # Description Alarm Current Standby Current 
1 PS-6EXP NAC Extend Power Supply 0.184 0.184 0.164 0.164 
186 
0 E70-24MCW-FW Wall Speaker Strobe 15 CD 0.06 0.24 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 30 CD 0.092 0 0 0 
2 E70-24MCW-FW Wall Speaker Strobe 75 CD 0.165 0.33 0 0 
5 E70-24MCW-FW Wall Speaker Strobe 110 CD 0.22 1.1 0 0 
2 E90-24MCC-FW/FR Ceiling Speaker Strobe 15 CD 0.065 0.13 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 30 CD 0.105 0 0 0 
3 E90-24MCC-FW Ceiling Speaker Strobe 75 CD 0.189 0.567 0 0 
0 E90-24MCC-FW/FR Ceiling Speaker Strobe 95 CD 0.249 0 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 115 CD 0.3 0 0 0 
0 ET70WP-24135W Wall WP Speaker Strobe 135 0.3 0 0 0 
0 ET70WP-24115W Ceiling WP Speaker Strobe 115 0.3 0 0 0 
1 RSS-24MCW-FW Wall Strobe 15 CD 0.06 0.06 0 0 
2 RSS-24MCW-FW Wall Strobe 30 CD 0.092 0.184 0 0 
3 RSS-24MCW-FW Wall Strobe 75 CD 0.165 0.495 0 0 
2 RSS-24MCW-FW Wall Strobe 110 CD 0.22 0.44 0 0 
0 RSS-24MCW-FW Ceiling Strobe 15 CD 0.065 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 30 CD 0.105 0.105 0 0 
0 RSS-24MCW-FW Ceiling Strobe 75 CD 0.189 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 95 CD 0.249 0 0 0 
0 EC-50R Wall Beam Smoke Detector 0.14 0 0 0 
0 TWLA Temperature Sensor 0 0 0.03 0 
0 CNI3233 Temperature Controller 0 0 0.125  
       
   Total 3.49 Total 0.164 
  
  Total Alarm Current (A) 3.49 
  Hours of Alarm – 15 Minutes (B) 0.25 
  Total for Alarm (A) x (B) 0.8725 
    
  Total Standby Current (A) 0.164 
  Standby Hours 24 
  Total for Standby (A) x (B) 3.936 
  Alarm Current + Standby Current (C) 4.809 
  20% Safety Margin (D) 1.2 
  Battery Total (C) x (D) 5.77 
    




Qty Model # Description Alarm Current Standby Current 
1 PS-6EXP NAC Extend Power Supply 0.184 0.184 0.164 0.164 
1 E70-24MCW-FW Wall Speaker Strobe 15 CD 0.06 0.06 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 30 CD 0.092 0 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 75 CD 0.165 0 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 110 CD 0.22  0 0 
2 E90-24MCC-FW/FR Ceiling Speaker Strobe 15 CD 0.065 0.13 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 30 CD 0.105 0 0 0 
8 E90-24MCC-FW Ceiling Speaker Strobe 75 CD 0.189 1.512 0 0 
1 E90-24MCC-FW/FR Ceiling Speaker Strobe 95 CD 0.249 0.249 0 0 
4 E90-24MCC-FW Ceiling Speaker Strobe 115 CD 0.3 1.2 0 0 
0 ET70WP-24135W Wall WP Speaker Strobe 135 0.3 0 0 0 
0 ET70WP-24115W Ceiling WP Speaker Strobe 115 0.3 0 0 0 
2 RSS-24MCW-FW Wall Strobe 15 CD 0.06 0 0 0 
0 RSS-24MCW-FW Wall Strobe 30 CD 0.092 0 0 0 
0 RSS-24MCW-FW Wall Strobe 75 CD 0.165 0 0 0 
0 RSS-24MCW-FW Wall Strobe 110 CD 0.22 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 15 CD 0.065 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 30 CD 0.105 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 75 CD 0.189 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 95 CD 0.249 0 0 0 
0 EC-50R Wall Beam Smoke Detector 0.14 0 0 0 
0 TWLA Temperature Sensor 0 0 0.03 0 
0 CNI3233 Temperature Controller 0 0 0.125  
       
   Total 3.45 Total 0.164 
  
  Total Alarm Current (A) 3.455 
  Hours of Alarm – 15 Minutes (B) 0.25 
  Total for Alarm (A) x (B) 0.8637 
    
  Total Standby Current (A) 0.164 
  Standby Hours 24 
188 
  Total for Standby (A) x (B) 3.936 
  Alarm Current + Standby Current (C) 4.800 
  20% Safety Margin (D) 1.2 
  Battery Total (C) x (D) 5.76 
    




Qty Model # Description Alarm Current Standby Current 
1 PS-6EXP NAC Extend Power Supply 0.184 0.184 0.164 0.164 
5 E70-24MCW-FW Wall Speaker Strobe 15 CD 0.06 0.3 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 30 CD 0.092 0 0 0 
1 E70-24MCW-FW Wall Speaker Strobe 75 CD 0.165 0.165 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 110 CD 0.22 0 0 0 
1 E90-24MCC-FW/FR Ceiling Speaker Strobe 15 CD 0.065 0.065 0 0 
1 E90-24MCC-FW Ceiling Speaker Strobe 30 CD 0.105 0.105 0 0 
5 E90-24MCC-FW Ceiling Speaker Strobe 75 CD 0.189 0.945 0 0 
4 E90-24MCC-FW/FR Ceiling Speaker Strobe 95 CD 0.249 0.996 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 115 CD 0.3 0 0 0 
0 ET70WP-24135W Wall WP Speaker Strobe 135 0.3 0 0 0 
0 ET70WP-24115W Ceiling WP Speaker Strobe 115 0.3 0 0 0 
0 RSS-24MCW-FW Wall Strobe 15 CD 0.06 0 0 0 
0 RSS-24MCW-FW Wall Strobe 30 CD 0.092 0 0 0 
0 RSS-24MCW-FW Wall Strobe 75 CD 0.165 0 0 0 
0 RSS-24MCW-FW Wall Strobe 110 CD 0.22 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 15 CD 0.065 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 30 CD 0.105 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 75 CD 0.189 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 95 CD 0.249 0 0 0 
0 EC-50R Wall Beam Smoke Detector 0.14 0 0 0 
0 TWLA Temperature Sensor 0 0 0.03 0 
0 CNI3233 Temperature Controller 0 0 0.125  
       
   Total 2.76 Total 0.164 
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  Total Alarm Current (A) 2.76 
  Hours of Alarm – 15 Minutes (B) 0.25 
  Total for Alarm (A) x (B) 0.69 
    
  Total Standby Current (A) 0.164 
  Standby Hours 24 
  Total for Standby (A) x (B) 3.936 
  Alarm Current + Standby Current (C) 4.626 
  20% Safety Margin (D) 1.2 
  Battery Total (C) x (D) 5.551 
    




Qty Model # Description Alarm Current Standby Current 
1 PS-6EXP NAC Extend Power Supply 0.184 0.184 0.164 0.164 
0 E70-24MCW-FW Wall Speaker Strobe 15 CD 0.06 0 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 30 CD 0.092 0 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 75 CD 0.165 0 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 110 CD 0.22 0 0 0 
1 E90-24MCC-FW/FR Ceiling Speaker Strobe 15 CD 0.065 0.065 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 30 CD 0.105 0 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 75 CD 0.189 0 0 0 
0 E90-24MCC-FW/FR Ceiling Speaker Strobe 95 CD 0.249 0 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 115 CD 0.3 0 0 0 
0 ET70WP-24135W Wall WP Speaker Strobe 135 0.3 0 0 0 
0 ET70WP-24115W Ceiling WP Speaker Strobe 115 0.3 0 0 0 
0 RSS-24MCW-FW Wall Strobe 15 CD 0.06 0 0 0 
0 RSS-24MCW-FW Wall Strobe 30 CD 0.092 0 0 0 
0 RSS-24MCW-FW Wall Strobe 75 CD 0.165 0 0 0 
0 RSS-24MCW-FW Wall Strobe 110 CD 0.22 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 15 CD 0.065 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 30 CD 0.105 0 0 0 
190 
0 RSS-24MCW-FW Ceiling Strobe 75 CD 0.189 0 0 0 
20 RSS-24MCW-FW Ceiling Strobe 95 CD 0.249 4.98 0 0 
0 EC-50R Wall Beam Smoke Detector 0.14 0 0 0 
0 TWLA Temperature Sensor 0 0 0.03 0 
0 CNI3233 Temperature Controller 0 0 0.125  
       
   Total 5.229 Total 0.164 
  
  Total Alarm Current (A) 5.229 
  Hours of Alarm – 15 Minutes (B) 0.25 
  Total for Alarm (A) x (B) 1.3072 
    
  Total Standby Current (A) 0.164 
  Standby Hours 24 
  Total for Standby (A) x (B) 3.936 
  Alarm Current + Standby Current (C) 5.243 
  20% Safety Margin (D) 1.2 
  Battery Total (C) x (D) 6.292 
    




Qty Model # Description Alarm Current Standby Current 
1 PS-6EXP NAC Extend Power Supply 0.184 0.184 0.164 0.164 
2 E70-24MCW-FW Wall Speaker Strobe 15 CD 0.06 0.12 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 30 CD 0.092 0 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 75 CD 0.165 0 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 110 CD 0.22 0 0 0 
4 E90-24MCC-FW/FR Ceiling Speaker Strobe 15 CD 0.065 0.26 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 30 CD 0.105 0 0 0 
6 E90-24MCC-FW Ceiling Speaker Strobe 75 CD 0.189 1.134 0 0 
1 E90-24MCC-FW/FR Ceiling Speaker Strobe 95 CD 0.249 0.249 0 0 
5 E90-24MCC-FW Ceiling Speaker Strobe 115 CD 0.3 1.5 0 0 
0 ET70WP-24135W Wall WP Speaker Strobe 135 0.3 0 0 0 
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0 ET70WP-24115W Ceiling WP Speaker Strobe 115 0.3 0 0 0 
0 RSS-24MCW-FW Wall Strobe 15 CD 0.06 0 0 0 
0 RSS-24MCW-FW Wall Strobe 30 CD 0.092 0 0 0 
0 RSS-24MCW-FW Wall Strobe 75 CD 0.165 0 0 0 
0 RSS-24MCW-FW Wall Strobe 110 CD 0.22 0 0 0 
1 RSS-24MCW-FW Ceiling Strobe 15 CD 0.065 0.065 0 0 
0 RSS-24MCW-FW Ceiling Strobe 30 CD 0.105 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 75 CD 0.189 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 95 CD 0.249 0 0 0 
0 EC-50R Wall Beam Smoke Detector 0.14 0 0 0 
0 TWLA Temperature Sensor 0 0 0.03 0 
0 CNI3233 Temperature Controller 0 0 0.125  
       
   Total 3.512 Total 0.164 
  
  Total Alarm Current (A) 3.512 
  Hours of Alarm – 15 Minutes (B) 0.25 
  Total for Alarm (A) x (B) 0.878 
    
  Total Standby Current (A) 0.164 
  Standby Hours 24 
  Total for Standby (A) x (B) 3.936 
  Alarm Current + Standby Current (C) 4.814 
  20% Safety Margin (D) 1.2 
  Battery Total (C) x (D) 5.777 
    








Qty Model # Description Alarm Current Standby Current 
192 
1 PS-6EXP NAC Extend Power Supply 0.184 0.184 0.164 0.164 
0 E70-24MCW-FW Wall Speaker Strobe 15 CD 0.06 0.3 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 30 CD 0.092 0 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 75 CD 0.165 0 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 110 CD 0.22 0 0 0 
0 E90-24MCC-FW/FR Ceiling Speaker Strobe 15 CD 0.065 0 0 0 
1 E90-24MCC-FW Ceiling Speaker Strobe 30 CD 0.105 0.105 0 0 
1 E90-24MCC-FW Ceiling Speaker Strobe 75 CD 0.189 0.189 0 0 
18 E90-24MCC-FW/FR Ceiling Speaker Strobe 95 CD 0.249 4.482 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 115 CD 0.3 0 0 0 
0 ET70WP-24135W Wall WP Speaker Strobe 135 0.3 0 0 0 
0 ET70WP-24115W Ceiling WP Speaker Strobe 115 0.3 0 0 0 
0 RSS-24MCW-FW Wall Strobe 15 CD 0.06 0 0 0 
0 RSS-24MCW-FW Wall Strobe 30 CD 0.092 0 0 0 
0 RSS-24MCW-FW Wall Strobe 75 CD 0.165 0 0 0 
0 RSS-24MCW-FW Wall Strobe 110 CD 0.22 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 15 CD 0.065 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 30 CD 0.105 0 0 0 
1 RSS-24MCW-FW Ceiling Strobe 75 CD 0.189 0.189 0 0 
0 RSS-24MCW-FW Ceiling Strobe 95 CD 0.249 0 0 0 
0 EC-50R Wall Beam Smoke Detector 0.14 0 0 0 
0 TWLA Temperature Sensor 0 0 0.03 0 
0 CNI3233 Temperature Controller 0 0 0.125  
       
   Total 5.149 Total 0.164 
  
  Total Alarm Current (A) 5.149 
  Hours of Alarm – 15 Minutes (B) 0.25 
  Total for Alarm (A) x (B) 1.287 
    
  Total Standby Current (A) 0.164 
  Standby Hours 24 
  Total for Standby (A) x (B) 3.936 
  Alarm Current + Standby Current (C) 5.223 
  20% Safety Margin (D) 1.2 
  Battery Total (C) x (D) 6.268 
    
193 
  Battery Size 7.5 AH 
 
Level 7 Electrical Room 
 
Qty Model # Description Alarm Current Standby Current 
1 3-CPU3/3-PPS/M CPU and Power Supply 0.165 0.165 .0155 0.155 
1 3-RS485A Network Comm Card 0.098 0.098 0.098 0.098 
3 3-BPS/M Booster Power Supply 0.05 0.15 0.05 0.15 
1 3-SSDC1 Single Data Card 0.204 0.204 0.144 0.144 
2 3-SSDC1 Dual Data Card 0.336 1.344 0.264 1.056 
2 3-ZA20B 20 Watt Amp  1.12 2.24 0.062 0.124 
7 3-ZA40B 40 Watt Amp 2.48 17.36 0.062 0.434 
  
  Total Alarm Current (A) 20.889 
  Hours of Alarm – 15 Minutes (B) 0.25 
  Total for Alarm (A) x (B) 5.2222 
    
  Total Standby Current (A) 1.633 
  Standby Hours 24 
  Total for Standby (A) x (B) 39.192 
  Alarm Current + Standby Current (C) 44.414 
  20% Safety Margin (D) 1.2 
  Battery Total (C) x (D) 53.297 
    






Qty Model # Description Alarm Current Standby Current 
1 PS-6EXP NAC Extend Power Supply 0.184 0.184 0.164 0.164 
0 E70-24MCW-FW Wall Speaker Strobe 15 CD 0.06 0 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 30 CD 0.092 0 0 0 
194 
0 E70-24MCW-FW Wall Speaker Strobe 75 CD 0.165 0 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 110 CD 0.22 0 0 0 
1 E90-24MCC-FW/FR Ceiling Speaker Strobe 15 CD 0.065 0.065 0 0 
1 E90-24MCC-FW Ceiling Speaker Strobe 30 CD 0.105 0.105 0 0 
3 E90-24MCC-FW Ceiling Speaker Strobe 75 CD 0.189 0.567 0 0 
19 E90-24MCC-FW/FR Ceiling Speaker Strobe 95 CD 0.249 4.731 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 115 CD 0.3 0 0 0 
0 ET70WP-24135W Wall WP Speaker Strobe 135 0.3 0 0 0 
0 ET70WP-24115W Ceiling WP Speaker Strobe 115 0.3 0 0 0 
0 RSS-24MCW-FW Wall Strobe 15 CD 0.06 0 0 0 
0 RSS-24MCW-FW Wall Strobe 30 CD 0.092 0 0 0 
0 RSS-24MCW-FW Wall Strobe 75 CD 0.165 0 0 0 
0 RSS-24MCW-FW Wall Strobe 110 CD 0.22 0 0 0 
1 RSS-24MCW-FW Ceiling Strobe 15 CD 0.065 0.065 0 0 
0 RSS-24MCW-FW Ceiling Strobe 30 CD 0.105 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 75 CD 0.189 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 95 CD 0.249 0 0 0 
0 EC-50R Wall Beam Smoke Detector 0.14 0 0 0 
0 TWLA Temperature Sensor 0 0 0.03 0 
0 CNI3233 Temperature Controller 0 0 0.125  
       
   Total 5.71 Total 0.164 
  
  Total Alarm Current (A) 5.71 
  Hours of Alarm – 15 Minutes (B) 0.25 
  Total for Alarm (A) x (B) 1.429 
    
  Total Standby Current (A) 0.164 
  Standby Hours 24 
  Total for Standby (A) x (B) 3.936 
  Alarm Current + Standby Current (C) 5.365 
  20% Safety Margin (D) 1.2 
  Battery Total (C) x (D) 6.438 
    





Qty Model # Description Alarm Current Standby Current 
1 PS-6EXP NAC Extend Power Supply 0.184 0.184 0.164 0.164 
6 E70-24MCW-FW Wall Speaker Strobe 15 CD 0.06 0.36 0 0 
2 E70-24MCW-FW Wall Speaker Strobe 30 CD 0.092 0.184 0 0 
1 E70-24MCW-FW Wall Speaker Strobe 75 CD 0.165 0.165 0 0 
2 E70-24MCW-FW Wall Speaker Strobe 110 CD 0.22 0.44 0 0 
6 E90-24MCC-FW/FR Ceiling Speaker Strobe 15 CD 0.065 0.39 0 0 
1 E90-24MCC-FW Ceiling Speaker Strobe 30 CD 0.105 0.105 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 75 CD 0.189 0 0 0 
3 E90-24MCC-FW/FR Ceiling Speaker Strobe 95 CD 0.249 0.747 0 0 
1 E90-24MCC-FW Ceiling Speaker Strobe 115 CD 0.3 0.3 0 0 
0 ET70WP-24135W Wall WP Speaker Strobe 135 0.3 0 0 0 
2 ET70WP-24115W Ceiling WP Speaker Strobe 115 0.3 0.6 0 0 
0 RSS-24MCW-FW Wall Strobe 15 CD 0.06 0 0 0 
0 RSS-24MCW-FW Wall Strobe 30 CD 0.092 0 0 0 
0 RSS-24MCW-FW Wall Strobe 75 CD 0.165 0 0 0 
0 RSS-24MCW-FW Wall Strobe 110 CD 0.22 0 0 0 
2 RSS-24MCW-FW Ceiling Strobe 15 CD 0.065 0.13 0 0 
2 RSS-24MCW-FW Ceiling Strobe 30 CD 0.105 0.21 0 0 
1 RSS-24MCW-FW Ceiling Strobe 75 CD 0.189 0.189 0 0 
0 RSS-24MCW-FW Ceiling Strobe 95 CD 0.249 0 0 0 
0 EC-50R Wall Beam Smoke Detector 0.14 0 0 0 
0 TWLA Temperature Sensor 0 0 0.03 0 
0 CNI3233 Temperature Controller 0 0 0.125  
       
   Total 4.004 Total 0.164 
  
  Total Alarm Current (A) 4.004 
  Hours of Alarm – 15 Minutes (B) 0.25 
  Total for Alarm (A) x (B) 1.001 
    
  Total Standby Current (A) 0.164 
  Standby Hours 24 
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  Total for Standby (A) x (B) 3.936 
  Alarm Current + Standby Current (C) 4.937 
  20% Safety Margin (D) 1.2 
  Battery Total (C) x (D) 5.924 
    




Qty Model # Description Alarm Current Standby Current 
1 PS-6EXP NAC Extend Power Supply 0.184 0.184 0.164 0.164 
4 E70-24MCW-FW Wall Speaker Strobe 15 CD 0.06 0.24 0 0 
1 E70-24MCW-FW Wall Speaker Strobe 30 CD 0.092 0.092 0 0 
5 E70-24MCW-FW Wall Speaker Strobe 75 CD 0.165 0.825 0 0 
3 E70-24MCW-FW Wall Speaker Strobe 110 CD 0.22 0.66 0 0 
3 E90-24MCC-FW/FR Ceiling Speaker Strobe 15 CD 0.065 0.195 0 0 
3 E90-24MCC-FW Ceiling Speaker Strobe 30 CD 0.105 0.315 0 0 
1 E90-24MCC-FW Ceiling Speaker Strobe 75 CD 0.189 0.189 0 0 
3 E90-24MCC-FW/FR Ceiling Speaker Strobe 95 CD 0.249 0.747 0 0 
1 E90-24MCC-FW Ceiling Speaker Strobe 115 CD 0.3 0.3 0 0 
0 ET70WP-24135W Wall WP Speaker Strobe 135 0.3 0 0 0 
0 ET70WP-24115W Ceiling WP Speaker Strobe 115 0.3 0 0 0 
2 RSS-24MCW-FW Wall Strobe 15 CD 0.06 0.12 0 0 
0 RSS-24MCW-FW Wall Strobe 30 CD 0.092 0 0 0 
0 RSS-24MCW-FW Wall Strobe 75 CD 0.165 0 0 0 
0 RSS-24MCW-FW Wall Strobe 110 CD 0.22 0 0 0 
2 RSS-24MCW-FW Ceiling Strobe 15 CD 0.065 0.13 0 0 
2 RSS-24MCW-FW Ceiling Strobe 30 CD 0.105 0.21 0 0 
0 RSS-24MCW-FW Ceiling Strobe 75 CD 0.189 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 95 CD 0.249 0 0 0 
0 EC-50R Wall Beam Smoke Detector 0.14 0 0 0 
0 TWLA Temperature Sensor 0 0 0.03 0 
0 CNI3233 Temperature Controller 0 0 0.125  
       
   Total 4.207 Total 0.164 
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  Total Alarm Current (A) 4.207 
  Hours of Alarm – 15 Minutes (B) 0.25 
  Total for Alarm (A) x (B) 1.052 
    
  Total Standby Current (A) 0.164 
  Standby Hours 24 
  Total for Standby (A) x (B) 3.936 
  Alarm Current + Standby Current (C) 4.988 
  20% Safety Margin (D) 1.2 
  Battery Total (C) x (D) 5.985 
    






Qty Model # Description Alarm Current Standby Current 
1 PS-6EXP NAC Extend Power Supply 0.184 0.184 0.164 0.164 
7 E70-24MCW-FW Wall Speaker Strobe 15 CD 0.06 0.42 0 0 
1 E70-24MCW-FW Wall Speaker Strobe 30 CD 0.092 0.092 0 0 
4 E70-24MCW-FW Wall Speaker Strobe 75 CD 0.165 0.66 0 0 
3 E70-24MCW-FW Wall Speaker Strobe 110 CD 0.22 0.66 0 0 
3 E90-24MCC-FW/FR Ceiling Speaker Strobe 15 CD 0.065 0.195 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 30 CD 0.105 0 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 75 CD 0.189 0 0 0 
0 E90-24MCC-FW/FR Ceiling Speaker Strobe 95 CD 0.249 0 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 115 CD 0.3 0 0 0 
1 ET70WP-24135W Wall WP Speaker Strobe 135 0.3 0.3 0 0 
2 ET70WP-24115W Ceiling WP Speaker Strobe 115 0.3 0.6 0 0 
1 RSS-24MCW-FW Wall Strobe 15 CD 0.06 0.06 0 0 
0 RSS-24MCW-FW Wall Strobe 30 CD 0.092 0 0 0 
0 RSS-24MCW-FW Wall Strobe 75 CD 0.165 0 0 0 
0 RSS-24MCW-FW Wall Strobe 110 CD 0.22 0 0 0 
198 
1 RSS-24MCW-FW Ceiling Strobe 15 CD 0.065 0.062 0 0 
2 RSS-24MCW-FW Ceiling Strobe 30 CD 0.105 0.21 0 0 
0 RSS-24MCW-FW Ceiling Strobe 75 CD 0.189 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 95 CD 0.249 0 0 0 
0 EC-50R Wall Beam Smoke Detector 0.14 0 0 0 
0 TWLA Temperature Sensor 0 0 0.03 0 
0 CNI3233 Temperature Controller 0 0 0.125  
       
   Total 3.446 Total 0.164 
  
  Total Alarm Current (A) 3.446 
  Hours of Alarm – 15 Minutes (B) 0.25 
  Total for Alarm (A) x (B) 0.8615 
    
  Total Standby Current (A) 0.164 
  Standby Hours 24 
  Total for Standby (A) x (B) 3.936 
  Alarm Current + Standby Current (C) 4.798 
  20% Safety Margin (D) 1.2 
  Battery Total (C) x (D) 5.757 
    




Level 11 - Mechanical 
 
Qty Model # Description Alarm Current Standby Current 
1 PS-6EXP NAC Extend Power Supply 0.184 0.184 0.16 0.164 
1 E70-24MCW-FW Wall Speaker Strobe 15 CD 0.06 0.06 0 0 
1 E70-24MCW-FW Wall Speaker Strobe 30 CD 0.092 0.092 0 0 
0 E70-24MCW-FW Wall Speaker Strobe 75 CD 0.165 0 0 0 
3 E70-24MCW-FW Wall Speaker Strobe 110 CD 0.22 0.66 0 0 
0 E90-24MCC-FW/FR Ceiling Speaker Strobe 15 CD 0.065 0 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 30 CD 0.105 0 0 0 
199 
0 E90-24MCC-FW Ceiling Speaker Strobe 75 CD 0.189 0 0 0 
0 E90-24MCC-FW/FR Ceiling Speaker Strobe 95 CD 0.249 0 0 0 
0 E90-24MCC-FW Ceiling Speaker Strobe 115 CD 0.3 0 0 0 
4 ET70WP-24135W Wall WP Speaker Strobe 135 0.3 1.2 0 0 
0 ET70WP-24115W Ceiling WP Speaker Strobe 115 0.3 0 0 0 
0 RSS-24MCW-FW Wall Strobe 15 CD 0.06 0. 0 0 
0 RSS-24MCW-FW Wall Strobe 30 CD 0.092 0 0 0 
0 RSS-24MCW-FW Wall Strobe 75 CD 0.165 0 0 0 
0 RSS-24MCW-FW Wall Strobe 110 CD 0.22 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 15 CD 0.065 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 30 CD 0.105 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 75 CD 0.189 0 0 0 
0 RSS-24MCW-FW Ceiling Strobe 95 CD 0.249 0 0 0 
0 EC-50R Wall Beam Smoke Detector 0.14 0 0 0 
0 TWLA Temperature Sensor 0 0 0.03 0 
0 CNI3233 Temperature Controller 0 0 0.125  
       
   Total 2.196 Total 0.164 
  
  Total Alarm Current (A) 2.196 
  Hours of Alarm – 15 Minutes (B) 0.25 
  Total for Alarm (A) x (B) 0.549 
    
  Total Standby Current (A) 0.164 
  Standby Hours 24 
  Total for Standby (A) x (B) 3.936 
  Alarm Current + Standby Current (C) 4.485 
  20% Safety Margin (D) 1.2 
  Battery Total (C) x (D) 5.382 
    


























































































































































Appendix J: Code Analysis – Separation distance, stairway and door 























































































































































Appendix K: Smoke Control: Matrix and Address List 
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